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1. Implementation 

l \ProvidesFile{klu9.clo}[\f iledate ] 

1.1. Section size commands 

added command: \little. This is identical to \tiny here. Allowed type provided values: 5/6, 
6/7, 7/8, 8/9.5, 9/11, 10/12, 11/13, 12/14, 14/18, 17/22, 20/25. 



2 \renewcommand\normalsize{7, 

3 \9setf ontsize\normalsize\@ixpt{ll}'/, 

4 \abovedisplayskip 8.5\p@ \9plus3\pS \9minus4\p@ 

5 \abovedisplayshortskip \z@ \9plus2\p9 

6 \belowdisplayshortskip 4\p@ \9plus2\p9 \Sminus2\p9 

7 \belowdisplayskip \abovedisplayskip 

8 \let\listi\@listl} 
9 \normalsize 

10 \newcommand\small{°/, 

11 \9setf ontsize\small\0viiipt{9 . 5}°/, 

12 \abovedisplayskip 6\p@ \0plus2\pS \®miims4\p@ 

13 \abovedisplayshortskip \z(3 \9plus\p9 

14 \belowdisplayshortskip 3\p(S \(3plus\p9 \9miims2\p@ 

15 \def \(31isti{\lef tmargin\lef tmargini 

16 \topsep 3\p@ \aplus\p(S \aminus\p@ 

17 \parsep 2\p3 \3plus\p® \aminus\pS 

18 \itemsep \parsep}'/, 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newcommand\f ootnotesize{'/, 

22 \3setf ontsize\f ootnotesize\aviipt{8}'/ 

23 \abovedisplayskip 4\pa \aplus2\pa \aminus2\p3 

24 \abovedisplayshortskip \z3 \9plus\p9 

25 \belowdisplayshortskip 2\p<S \0plus\p® \9minusl\p9 

26 \def \aiisti{\lef tmargin\lef tmargini 

27 \topsep 2\pO \9plus\p@ \<Sminus\pO 

28 \parsep l\p<3 \9plus\p@ \Sminus\pa 

29 \itemsep \parsep}'/, 

30 \belowdisplayskip \abovedisplayskip 



31 } 

32 \newcommand\scriptsize{\9setf ontsize\scriptsize\9vipt\9viipt} 

33 \newcommand\little{\Ssetf ontsize\little\@vpt\9vipt} 

34 \newcommand\tiny{\Ssetf ontsize\tiny\9vpt\9vipt} 

35 \newcommand\large{\9setf ontsize\large\@xpt\@xiipt} 

36 \newcommand\Large{\9setf ont size\Large\9xi ipt{ 14}} 

37 \newcommand\LARGE{\9setf ontsize\LARGE\9xivpt{18}} 

38 \newcommand\huge{\Ssetf ontsize\huge\9xviipt{22}} 

39 \newcommand\Huge{\Ssetf ontsize\Huge\9xxpt{25}} 

1.2. Various values 

Note that \hoff set and \voff set are both compensated. This makes the calculations below 
easier. 

40 \setlength\hof f set{-lin} 

41 \setlength\vof f set{-lin} 

42 \setlength\parindent {14\pS} 

43 \setlength\headheight{12\p9} 
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44 \setlength\headsep {12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {25\p@} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\p@} 

49 \setlength\maxdepth { . 5\topskip} 

50 \setlength\amaxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\columnseprule{Opt} 

53 \setlength\f boxsep{3pt} 

54 \setlength\fboxrule{.4pt} 

1.3. Textheight and textwidth 

These are the main reason for the existence of these files. For some stupid reason, WT^K. calculates 
textwidth out of \paperwidth. We did want to support letter paper, but our \textwidth is fixed, 
with the margins being calculated. 

Presume \textwidth and \marginparwidth are set in the stylefile, or we're in trouble. The 2pc 
value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and later on 
in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDocument{'/, 



57 \setlength\atempdima{\paperwidth}°/, 

58 \addtolength\atempdima{-\textwidth}7, 

59 \divide\@tempdima by 2 

60 \setlength\atempdimb\marginparwidth 

61 \addtolength\3tempdimb\marginparsep 

62 \addtolength\atempdimb{2pc}'/, 

63 \ifdim \@tempdima <\@tempdimb 

64 \asettopoint\atempdimb 

65 \GenericError{Pointsize}{Pointsize Error: Marginpars disabled}{}{You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\atempdima) . Needed value: 

69 (\the\atempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 }'/. 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \fi 

77 \ifdim \atempdima <2pc 

78 \atempdimb=\paperwidth 

79 \advance\atempdimb by -4pc 

80 \asettopoint\atempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenMMYou 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total \MessageBreak 

84 (Which is: \the\atempdimb) . Please press X and try again. 

85 }'/. 

86 \f i 

87 \oddsidemargin \3tempdima 

88 \evensidemargin \@tempdima 
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These calculations are a lot easier, \textheight should have been set already. This does not 
check for the correct placement of the identification line!! 

89 \setlength\atempdima{\paperheight} 

90 \addtolength\(3tempdima{-\f ootskip} 

91 \addtolength\atempdima{-\headheight} 

92 \addtolength\atempdima{-\headsep} 

93 \setlength\atempdimb{\3tempdima} 

94 \addtolength\atempdima{-\textheight} 

95 \divide\@tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\atempdimb by -4pc 

98 \asettopoint\atempdimb 

99 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenMMYou 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\9tempdimb) . Please press X and try again. 

103 }'/. 

104 \fi 

105 \setlength\topmargin{\atempdima} 

106 \setlength\idaboxheight{\atempdima} 

107 \advance\id3boxheight by -2pc 

108 } 

109 \setlength\f ootnotesep{6\p<3} 

110 \setlength{\skip\f ootins}{9\p(3 \@plus 4\p0 \0minus 2\p<3} 



1.4. Lists 

List default values 

111 \setlength\partopsep{2\p<3 \0plus l\p@ \0minus l\p<3} 

112 \setlength{\lef tmargini}{l . 9em} 

113 \setlength{\lef tmarginii}{2em} 

114 \setlength{\lef tmarginiii}{l . 7em} 

115 \setlength{\lef tmarginiv}{l . 4em} 

116 \setlength{\lef tmarginv}{lem} 

117 \setlength{\lef tmarginvi}{lem} 

118 \setlength{\labelsep}{.4em} 

119 \setlength{\labelwidth}{\lef tmargini} 

120 \addtolength{\labelwidth}{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This results in 
very small labels for the inner lists. 

121 \def \aiistl{°/, 

122 \lef tmargin \leftmargini 

123 \topsep 8\p@ \0plus2\p0 \@minus2\p<§ 

124 \partopsep 2\p@ \<Splus l\p(3 \9minus l\p@ 

125 \itemsep 4\p(3 \9plus 2\p@ \9minus l\p@ 

126 \parsep 4\p@ \<Splus 2\p@ \<Sminus l\p0 } 

127 \def \01istii{'/, 

128 \leftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \(3plus 2\p(S \0minus l\p@ 

132 \parsep 2\p(S \<Splus l\p9 \<Sminus I\p0 

133 \itemsep \parsep} 
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134 \def \@listiii{°/, 

135 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \Oplus l\p<3 \<Sminus l\p@ 

139 \parsep \z3 

140 \partopsep l\p@ \Oplus 0\p3 \9minus l\p@ 

141 \itemsep \topsep} 

142 \def \01istiv{'/, 

143 \setlength{\leftmargin}{\lef tmarginiv}'/, 

144 \setlength{\labelwidth}{\lef tmarginiv}'/, 

145 \addtolength{\labelwidth}{-\labelsep}} 

146 \def \Slistv{'/. 

147 \setlength{\lef tmargin}{\lef tmarginv}'/, 

148 \setlength{\labelwidth}{\lef tmarginv}'/, 

149 \addtolength{\labelwidth}{-\labelsep}} 

150 \def \<31istvi{'/, 

151 \setlength{\lef tmargin}{\lef tmarginvi}"/, 

152 \setlength{\labelwidth}{\lef tmarginvi} 1 /. 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\aiisti\01istl 

155 \31isti 



1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f Ioatsep{l0\p3 \@plus 2\p<§ \@minus 2\p<8} 

157 \setlength\textf loatsep{18\p@ \@plus 2\p@ \Sminus 4\p<§} 

158 \setlength\intextsep{10\p@ \0plus 2\p@ \Sminus 2\p®} 

159 \setlength\dblf loatsep{10\p<3 \0plus 2\p® \@minus 2\p®} 

160 \setlength\dbltextf loatsep{18\p<3 \0plus 2\p@ \0minus 4\p<3} 

Separation on float pages 

161 \setlength\<3fptop{0\p<3 \<Splus If il} 

162 \setlength\<3fpsep{8\p<3 \@plus 2f il} 

163 \setlength\afpbot{0\p(3 \0plus If il} 

164 \setlength\<3dblfptop{0\p<3 \@plus If il} 

165 \setlength\(3dblfpsep{8\p<3 \@plus 2f il} 

166 \setlength\adblfpbot{0\pa \@plus lfil} 
167 

168 \endinput 
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1. Implementation 

l \ProvidesFile{klut9.clo}[\f iledate ] 

1.1. Section size commands 

added command: \little. This is identical to \tiny here. Allowed type provided values: 5/6, 
6/7, 7/8, 8/9, 9/10.5, 10/11.5, 11/13, 12/14, 14/18, 17/22, 20/25. 



2 \renewcommand\normalsize{7, 

3 \3setf ontsize\normalsize\@ixpt{10 . 5}% 

4 \abovedisplayskip 8.5\p@ \9plus3\p@ \@minus4\p@ 

5 \abovedisplayshortskip \z9 \0plus2\p9 

6 \belowdisplayshortskip 4\p@ \9plus2\pa \Sminus2\p9 

7 \belowdisplayskip \abovedisplayskip 

8 \let\listi\@listl} 
9 \normalsize 

10 \newcommand\small{°/, 

11 \9setf ontsize\small\@viiipt{9}'/, 

12 \abovedisplayskip 6\p(S \@plus2\p@ \®miims4\p@ 

13 \abovedisplayshortskip \z(3 \9plus\p9 

14 \belowdisplayshortskip 3\p® \9plus\p9 \9miims2\p9 

15 \def \91isti{\lef tmargin\lef tmargini 

16 \topsep 3\p@ \aplus\p(S \0minus\pS 

17 \parsep 2\p@ \(3plus\p<S \<Sminus\p(S 

18 \itemsep \parsep}'/, 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newcommand\f ootnotesize{'/, 

22 \0setf ontsize\f ootnotesize\(Sviipt{8}'/ 

23 \abovedisplayskip 4\p@ \@plus2\p@ \9minus2\pS 

24 \abovedisplayshortskip \z(3 \9plus\p9 

25 \belowdisplayshortskip 2\p<S \0plus\p® \Ominusl\pa 

26 \def \aiisti{\lef tmargin\lef tmargini 

27 \topsep 2\pO \9plus\p@ \<Sminus\pO 

28 \parsep l\p<3 \9plus\p@ \0minus\p0 

29 \itemsep \parsep}'/, 

30 \belowdisplayskip \abovedisplayskip 



31 } 

32 \newcommand\scriptsize{\(3setf ontsize\scriptsize\9vipt\(3viipt} 

33 \newcommand\little{\@setf ontsize\little\Svpt\9vipt} 

34 \newcommand\tiny{\(Ssetf ontsize\tiny\9vpt\avipt} 

35 \newcommand\large{\asetf ontsize\large\@xpt{ll .5}} 

36 \newcommand\Large{\asetf ont size\Large\@xi ipt{ 14}} 

37 \newcommand\LARGE{\asetf ontsize\LARGE\Sxivpt{18}} 

38 \newcommand\huge{\@setf ontsize\huge\8xviipt{22}} 

39 \newcommand\Huge{\Ssetf ontsize\Huge\axxpt{25}} 

1.2. Various values 

Note that \hoff set and \voff set are both compensated. This makes the calculations below 
easier. 

40 \setlength\hof f set{-lin} 

41 \setlength\vof f set{-lin} 

42 \setlength\parindent {14\p@} 

43 \setlength\headheight{12\pa} 
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44 \setlength\headsep {12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {25\p@} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\p@} 

49 \setlength\maxdepth { . 5\topskip} 

50 \setlength\amaxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\columnseprule{Opt} 

53 \setlength\f boxsep{3pt} 

54 \setlength\fboxrule{.4pt} 

1.3. Textheight and textwidth 

These are the main reason for the existence of these files. For some stupid reason, WT^K. calculates 
textwidth out of \paperwidth. We did want to support letter paper, but our \textwidth is fixed, 
with the margins being calculated. 

Presume \textwidth and \marginparwidth are set in the stylefile, or we're in trouble. The 2pc 
value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and later on 
in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDocument{'/, 



57 \setlength\atempdima{\paperwidth}°/, 

58 \addtolength\atempdima{-\textwidth}7, 

59 \divide\@tempdima by 2 

60 \setlength\atempdimb\marginparwidth 

61 \addtolength\3tempdimb\marginparsep 

62 \addtolength\atempdimb{2pc}'/, 

63 \ifdim \@tempdima <\@tempdimb 

64 \asettopoint\atempdimb 

65 \GenericError{Pointsize}{Pointsize Error: Marginpars disabled}{}{You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\atempdima) . Needed value: 

69 (\the\atempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 }'/. 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \fi 

77 \ifdim \atempdima <2pc 

78 \atempdimb=\paperwidth 

79 \advance\atempdimb by -4pc 

80 \asettopoint\atempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenMMYou 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total \MessageBreak 

84 (Which is: \the\atempdimb) . Please press X and try again. 

85 }'/. 

86 \f i 

87 \oddsidemargin \3tempdima 

88 \evensidemargin \@tempdima 
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These calculations are a lot easier, \textheight should have been set already. This does not 
check for the correct placement of the identification line!! 

89 \setlength\atempdima{\paperheight} 

90 \addtolength\(3tempdima{-\f ootskip} 

91 \addtolength\atempdima{-\headheight} 

92 \addtolength\atempdima{-\headsep} 

93 \setlength\atempdimb{\3tempdima} 

94 \addtolength\atempdima{-\textheight} 

95 \divide\@tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\atempdimb by -4pc 

98 \asettopoint\atempdimb 

99 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenMMYou 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\9tempdimb) . Please press X and try again. 

103 }'/. 

104 \fi 

105 \setlength\topmargin{\atempdima} 

106 \setlength\idaboxheight{\atempdima} 

107 \advance\id3boxheight by -2pc 

108 } 

109 \setlength\f ootnotesep{6\p<3} 

110 \setlength{\skip\f ootins}{9\p(3 \@plus 4\p0 \0minus 2\p<3} 



1.4. Lists 

List default values 

111 \setlength\partopsep{2\p<3 \0plus l\p@ \0minus l\p<3} 

112 \setlength{\lef tmargini}{l . 9em} 

113 \setlength{\lef tmarginii}{2em} 

114 \setlength{\lef tmarginiii}{l . 7em} 

115 \setlength{\lef tmarginiv}{l . 4em} 

116 \setlength{\lef tmarginv}{lem} 

117 \setlength{\lef tmarginvi}{lem} 

118 \setlength{\labelsep}{.4em} 

119 \setlength{\labelwidth}{\lef tmargini} 

120 \addtolength{\labelwidth}{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This results in 
very small labels for the inner lists. 

121 \def \aiistl{°/, 

122 \lef tmargin \leftmargini 

123 \topsep 8\p@ \0plus2\p0 \@minus2\p<§ 

124 \partopsep 2\p@ \<Splus l\p(3 \9minus l\p@ 

125 \itemsep 4\p(3 \9plus 2\p@ \9minus l\p@ 

126 \parsep 4\p@ \<Splus 2\p@ \<Sminus l\p0 } 

127 \def \01istii{'/, 

128 \leftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \(3plus 2\p(S \0minus l\p@ 

132 \parsep 2\p(S \<Splus l\p9 \<Sminus I\p0 

133 \itemsep \parsep} 
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134 \def \@listiii{°/, 

135 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \Oplus l\p<3 \<Sminus l\p@ 

139 \parsep \z3 

140 \partopsep l\p@ \Oplus 0\p3 \9minus l\p@ 

141 \itemsep \topsep} 

142 \def \01istiv{'/, 

143 \setlength{\leftmargin}{\lef tmarginiv}'/, 

144 \setlength{\labelwidth}{\lef tmarginiv}'/, 

145 \addtolength{\labelwidth}{-\labelsep}} 

146 \def \Slistv{'/. 

147 \setlength{\lef tmargin}{\lef tmarginv}'/, 

148 \setlength{\labelwidth}{\lef tmarginv}'/, 

149 \addtolength{\labelwidth}{-\labelsep}} 

150 \def \<31istvi{'/, 

151 \setlength{\lef tmargin}{\lef tmarginvi}"/, 

152 \setlength{\labelwidth}{\lef tmarginvi} 1 /. 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\aiisti\01istl 

155 \31isti 



1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f Ioatsep{l0\p3 \@plus 2\p<§ \@minus 2\p<8} 

157 \setlength\textf loatsep{18\p@ \@plus 2\p@ \Sminus 4\p<§} 

158 \setlength\intextsep{10\p@ \0plus 2\p@ \Sminus 2\p®} 

159 \setlength\dblf loatsep{10\p<3 \0plus 2\p® \@minus 2\p®} 

160 \setlength\dbltextf loatsep{18\p<3 \0plus 2\p@ \0minus 4\p<3} 

Separation on float pages 

161 \setlength\<3fptop{0\p<3 \<Splus If il} 

162 \setlength\<3fpsep{8\p<3 \@plus 2f il} 

163 \setlength\afpbot{0\p(3 \0plus If il} 

164 \setlength\<3dblfptop{0\p<3 \@plus If il} 

165 \setlength\(3dblfpsep{8\p<3 \@plus 2f il} 

166 \setlength\adblfpbot{0\pa \@plus lfil} 
167 

168 \endinput 
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1. Implementation 

1 \ProvidesFile{klul0.clo}[\filedate ] 

1.1. Section size commands 

added command: \little. This between \scriptsize and \tiny. Allowed type provided 
values: 5/6, 6/7, 7/8, 8/9.5, 9/11, 10/12, 12/14, 14/18, 17/22, 20/25, 25/30. 



2 \renewcommand\normalsize{°/, 

3 \@setf ontsize\normalsize\@xp"t\@xiipt 

4 \abovedisplayskip 10\p@ \@plus 2\p@ \@miims5\p@ 

5 \abovedisplayshortskip \z@ \@plus 3\p@ 

6 \belowdisplayshortskip 6\p@ \@plus 3\p@ \@miims3\p@ 

7 Ybelowdisplayskip \abovedisplayskip 

8 \let\aiisti\01istl} 

9 Ynormalsize 

10 \newcommand\small{°/, 

11 \@setfontsize\small\@ixpt{ll}y, 

12 \abovedisplayskip 8.5\p@ \<3plus3\p@ \@mimis4\p@ 

13 \abovedisplayshortskip \z@ \@plus2\p@ 

14 \belowdisplayshortskip 4\p@ \@plus2\p@ \<3minus2\p@ 

15 \def \@listi{\leftmargin\leftmargini 

16 \topsep 4\p@ \@plus2\p@ \@minus2\p@ 

17 \parsep 2\p@ \@plus\p@ \@mimis\p@ 

18 \itemsep Xparsep} 1 / 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newcommand\f ootnotesize{7, 

22 \@setf ontsize\f ootnotesize\@viiipt{9 . 5}- '/, 

23 \abovedisplayskip 6\p@ \@plus2\p@ \@minus4\p@ 

24 \abovedisplayshortskip \z@ \@plus\p@ 

25 \belowdisplayshortskip 3\p@ \@plus\p@ \@mimis2\p@ 

26 \def \@listi{\lef tmargin\lef tmargini 

27 \topsep 3\p@ \@plus\p@ \@mimis\p@ 

28 \parsep 2\p@ \@plus\p@ \@minus\p@ 

29 \itemsep \parsep}°/, 

30 \belowdisplayskip \abovedisplayskip 



31 } 

32 \newcommand\scriptsize{\@setf ontsize\scriptsize\@viipt\(3viiipt}- 

33 \newcommand\little{\@setf ontsize\little\@vipt\@viipt}- 

34 \newcommand\tiny{\@setf ontsize\tiny\@vpt\@vipt> 

35 \newcommand\large{\@setf ontsize\large\@xiipt-[l4}-} 

36 \newcommand\Large{\@setf ontsize\Large\@xivpt-[l8}-} 

37 \newcommand\LARGE{\@setf ontsize\LARGE\@xviipt{22}} 

38 \newcommand\huge{\@setf ontsize\huge\@xxpt{25}-} 

39 \newcommaiid\Huge{\@setf ontsize\Huge\@xxvpt{30}> 
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1.2. Various values 

Note that \hoffset and \voff set are both compensated. This makes the calculations 
below easier. 

40 \setlength\hof f set{-lin> 

41 \setlength\vof f set{0pt} 

42 \setlength\parindent {14\p@} 

43 \setlength\headheight{12\p@} 

44 \setlength\headsep {12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {27.5\p@} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\p@} 

49 \setlength\maxdepth {.5\topskip} 

50 \setlength\@maxdepth\maxdepth 

51 \setlength\columnsep{10pt}- 

52 \setlength\columnseprule{Opt} 

53 \setlength\fboxsep{3pt} 

54 \setlength\fboxrule{ .4pt} 

1.3. Textheight and textwidth 

These are the main reason for the existence of these files. For some stupid reason, I^Tj^X 
calculates textwidth out of \paperwidth. We did want to support letter paper, but our 
\textwidth is fixed, with the margins being calculated. 

Presume \textwidth and \marginparwidth are set in the stylefile, or we're in trouble. 
The 2pc value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and 
later on in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDocument{°/, 

57 \setlength\@tempdima{\paperwidth}y, 

58 \addtolength\@tempdima{-\textwidth}°/, 

59 \divide\@tempdima by 2 

60 \setlength\@tempdimb\marginparwidth 

61 \addtolength\@tempdimb\marginparsep 

62 \addtolength\@tempdimb{2pc}°/, 

63 \ifdim \@tempdima <\@tempdimb 



64 \@settopoint\@tempdimb 

65 \GenericError{Pointsize}{Pointsize Error: Marginpars disabled}{}{You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\@tempdima) . Needed value: 

69 (\the\@tempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 
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73 }7. 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \f i 

77 \ifdim \@tempdima <2pc 

78 \@tempdimb=\paperwidth 

79 \advance\@tempdimb by -4pc 

80 \@settopoint\@tempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenHMYou 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total \MessageBreak 

84 (Which is: \the\@tempdimb) . Please press X and try again. 

85 }'/. 

86 \f i 

87 \oddsidemargin \@tempdima 

88 \evensidemargin \0tempdima 

These calculations are a lot easier, \textheight should have been set already. This does 

not check for the correct placement of the identification line!! 

89 \setlength\@tempdima-[\paperheight} 

90 \addtolength\@tempdima-[-\f ootskip} 

91 \addtolength\(3tempdima-[-\headheight} 

92 \addtolength\@tempdima-[-\headsep}- 

93 \setlength\@tempdimb-[\@tempdima} 

94 \addtolength\@tempdima-[-\textheight} 

95 \divide\@tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\@tempdimb by -4pc 

98 \@settopoint\@tempdimb 

99 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenMMYou 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 }"/. 

104 \fi 

105 \setlength\topmargin{0pt} 

106 \setlength\id@boxheight{\@tempdima} 

107 \advance\id@boxheight by -2pc 

108 > 

109 \setlength\f ootnotesep{6 . 65\p@} 

110 \setlength-[\skip\footinsH9\p@ \@plus 4\p@ \@minus 2\p@} 

1.4. Lists 

List default values 

111 \setlength\partopsep-[2\p@ \@plus l\p@ \@minus l\p@} 

112 \setlength-[\lef tmargini}-[2em]- 

113 \setlength-[\lef tmarginii>{2 . 2em> 
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114 \setlength-[\lef tmarginiiiHl . 87em}- 

115 \setlength-C\leftmarginivHl . 7em}- 

116 \setlength{\lef tmarginvHlem} 

117 \setlength-[\leitmarginviHlem} 

118 \setlength-[\labelsepH.4em}- 

119 \setlength-[\labelwidthH\leftmargini} 

120 \addtolength{\labelwidthH-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This 
results in very small labels for the inner lists. 

121 \def\<31istlT/. 

122 \leftmargin \leftmargini 

123 \topsep 9\p@ \@plus 3\p@ \@mimis 5\p@ 

124 \partopsep 3\p@ \@plus l\p@ \@minus 2\p@ 

125 \itemsep 4.5\p@ \@plus 2\p@ \@minus l\p@ 

126 \parsep 4.5\p@ \@plus 2\p@ \@minus l\p@ } 

127 \def \«listii{'/. 

128 \leftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \@plus 2\p@ \@minus l\p@ 

132 \parsep 2\p@ \@plus l\p@ \@minus l\p@ 

133 \itemsep \parsep} 

134 \def \@listiii{'/„ 

135 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \@plus l\pQ \@minus l\p@ 

139 \parsep \z@ 

140 \partopsep l\p@ \@plus 0\p@ \@minus l\p@ 

141 \itemsep \topsep} 

142 \def XOlistiv-C'/. 

143 \setlength-[\lei tmarginHMef tmarginiv}- 1 /, 

144 \setlength-[\labelwidth]-{\lef tmarginiv]- '/, 

145 \addtolength{\labelwidthH-\labelsep}} 

146 \def \®listv{/. 

147 \setlength-C\leftmarginH\lef tmarginv}-/, 

148 \setlength-[\labelwidthH\lef tmarginv}- '/, 

149 \addtolength-[\labelwidth}-{-\labelsep}-}- 

150 \def \@listvi{7. 

151 \setlength-[\lef tmargin}-{\lef tmarginvi]-°/ t 

152 \setlength-C\labelwidthH\lef tmarginvi]-°/ t 

153 \addtolength-C\labelwidthH-\labelsep}-} 

154 \let\@listi\@listl 

155 \01isti 

1.5. Float separation parameters 
Separation on text pages. 
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156 \setlength\f loatsep{12\p@ \@plus 2\p@ \@mimis 2\p@} 

157 \setlength\textf loatsep{20\p@ \@plus 2\p@ \@minus 4\p@} 

158 \setlength\intextsep{12\p@ \@plus 2\p@ \@minus 2\p@} 

159 \setlength\dblfloatsep{12\p@ \@plus 2\p<3 \Qminus 2\p@} 

160 \setlength\dbltextfloatsep{20\p@ \@plus 2\p@ \Qminus 4\p@} 

Separation on float pages 

161 \setlength\@fptop{0\p@ \@plus lfil} 

162 \setlength\@fpsep{8\p@ \(3plus 2fil} 

163 \setlength\@fpbot{0\p@ \®plus lfil} 

164 \setlength\@dblfptop{0\p@ \@plus lfil} 

165 \setlength\@dblfpsep{8\p@ \@plus 2f il} 

166 \setlength\@dblfpbot{0\p@ \@plus lfil} 
167 

168 \endinput 
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1. Implementation 

1 \ProvidesFile{klutl0.clo}[\filedate ] 

1.1. Section size commands 

added command: \little. This between \scriptsize and \tiny. Allowed type provided 
values: 5/6, 6/7, 7/8, 8/9, 9/10.5, 10/11.5, 12/14, 14/18, 17/22, 20/25, 25/30. 



2 \renewcommand\normalsize{°/, 

3 \@setf ontsize\normalsize\@xpt{ll . 5}°/, 

4 \abovedisplayskip 10\p@ \@plus 2\p@ \@miims5\p@ 

5 \abovedisplayshortskip \z@ \@plus 3\p@ 

6 \belowdisplayshortskip 6\p@ \@plus 3\p@ \@miims3\p@ 

7 Ybelowdisplayskip \abovedisplayskip 

8 \let\aiisti\01istl} 

9 \normalsize 

10 \newcommarid\small{°/, 

11 \<3setf ontsize\small\@ixpt{10 . 5}'/. 

12 \abovedisplayskip 8.5\p@ \<3plus3\p@ \@mimis4\p@ 

13 \abovedisplayshortskip \z@ \@plus2\p@ 

14 \belowdisplayshortskip 4\p@ \@plus2\p@ \@minus2\p@ 

15 \def \@listi{\leftmargin\leftmargini 

16 \topsep 4\p@ \<3plus2\p@ \@minus2\p@ 

17 \parsep 2\p@ \@plus\p@ \@mimis\p@ 

18 \itemsep Xparsep} 1 / 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newcommand\f ootnotesize{7, 

22 \@setf ontsize\f ootnotesize\@viiipt{9]-°/ t 

23 \abovedisplayskip 6\p@ \@plus2\p@ \@minus4\p@ 

24 \abovedisplayshortskip \z@ \@plus\p@ 

25 \belowdisplayshortskip 3\p@ \@plus\p@ \@mimis2\p@ 

26 \def \@listi{\lef tmargin\lef tmargini 

27 \topsep 3\p@ \@plus\p@ \@mimis\p@ 

28 \parsep 2\p@ \@plus\p@ \@minus\p@ 

29 \itemsep \parsep}°/, 

30 \belowdisplayskip \abovedisplayskip 



31 } 

32 \newcommand\scriptsize{\@setf ontsize\scriptsize\@viipt\(3viiipt}- 

33 \newcommand\little{\@setf ontsize\little\@vipt\@viipt}- 

34 \newcommand\tiny{\@setf ontsize\tiny\@vpt\@vipt} 

35 \newcommand\large{\@setf ontsize\large\@xiipt{14>} 

36 \newcommand\Large{\@setf ontsize\Large\@xivpt-[18}-} 

37 \newcommand\LARGE{\@setf ontsize\LARGE\@xviipt{22}} 

38 \newcommand\huge{\@setf ontsize\imge\@xxpt{25>} 

39 \newcommand\Huge{\@setf ontsize\Huge\@xxvpt{30}> 
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1.2. Various values 

Note that \hoffset and \voff set are both compensated. This makes the calculations 
below easier. 

40 \setlength\hof f set{-lin> 

41 \setlength\vof f set{-lin} 

42 \setlength\parindent {14\p@} 

43 \setlength\headheight{12\p@} 

44 \setlength\headsep {12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {27.5\p@} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\p@} 

49 \setlength\maxdepth {.5\topskip} 

50 \setlength\@maxdepth\maxdepth 

51 \setlength\columnsep{10pt}- 

52 \setlength\columnseprule{Opt} 

53 \setlength\fboxsep{3pt} 

54 \setlength\fboxrule{ .4pt} 

1.3. Textheight and textwidth 

These are the main reason for the existence of these files. For some stupid reason, I^Tj^X 
calculates textwidth out of \paperwidth. We did want to support letter paper, but our 
\textwidth is fixed, with the margins being calculated. 

Presume \textwidth and \marginparwidth are set in the stylefile, or we're in trouble. 
The 2pc value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and 
later on in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDocument{°/, 

57 \setlength\@tempdima{\paperwidth}y, 

58 \addtolength\@tempdima{-\textwidth}°/, 

59 \divide\@tempdima by 2 

60 \setlength\@tempdimb\marginparwidth 

61 \addtolength\@tempdimb\marginparsep 

62 \addtolength\@tempdimb{2pc}°/, 

63 \ifdim \@tempdima <\@tempdimb 



64 \@settopoint\@tempdimb 

65 \GenericError{Pointsize}{Pointsize Error: Marginpars disabled}{}{You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\@tempdima) . Needed value: 

69 (\the\@tempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 



klutl0.tex; 1/02/2008; 9:37; p. 3 



4 



Kluwcr Academic Publishers 



73 }7. 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \f i 

77 \ifdim \@tempdima <2pc 

78 \@tempdimb=\paperwidth 

79 \advance\@tempdimb by -4pc 

80 \@settopoint\@tempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenHMYou 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total \MessageBreak 

84 (Which is: \the\@tempdimb) . Please press X and try again. 

85 }'/. 

86 \f i 

87 \oddsidemargin \@tempdima 

88 \evensidemargin \0tempdima 

These calculations are a lot easier, \textheight should have been set already. This does 

not check for the correct placement of the identification line!! 

89 \setlength\@tempdima-[\paperheight} 

90 \addtolength\@tempdima-[-\f ootskip} 

91 \addtolength\(3tempdima-[-\headheight} 

92 \addtolength\@tempdima-[-\headsep}- 

93 \setlength\@tempdimb-[\@tempdima} 

94 \addtolength\@tempdima-[-\textheight} 

95 \divide\@tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\@tempdimb by -4pc 

98 \@settopoint\@tempdimb 

99 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenHMYou 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 }"/. 

104 \fi 

105 \setlength\topmargin{\@tempdima} 

106 \setlength\id@boxheight{\@tempdima} 

107 \advance\id@boxheight by -2pc 

108 > 

109 \setlength\f ootnotesep{6 . 65\p@} 

110 \setlength-C\skip\iootinsH9\p@ \@plus 4\p@ \@minus 2\p@} 

1.4. Lists 

List default values 

111 \setlength\partopsep-[2\p@ \@plus l\p@ \@minus l\p@} 

112 \setlength-[\lef tmargini}-[2em]- 

113 \setlength-[\lef tmarginiiH2 . 2em> 
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114 \setlength-[\lef tmarginiiiHl . 87em}- 

115 \setlength-[\lef tmarginivHl . 7em}- 

116 \setlength{\lef tmarginvHlem} 

117 \setlength-[\leitmarginviHlem} 

118 \setlength-[\labelsepH.4em}- 

119 \setlength-[\labelwidthH\lef tmargini} 

120 \addtolength{\labelwidthH-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This 
results in very small labels for the inner lists. 

121 \def\<31istlT/. 

122 \leftmargin \leftmargini 

123 \topsep 9\p@ \@plus 3\p@ \@mimis 5\p@ 

124 \partopsep 3\p@ \@plus l\p@ \@minus 2\p@ 

125 \itemsep 4.5\p@ \@plus 2\p@ \@minus l\p@ 

126 \parsep 4.5\p@ \@plus 2\p@ \@minus l\p@ } 

127 \def \«listii{'/. 

128 \leftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \@plus 2\p@ \@minus l\p@ 

132 \parsep 2\p@ \@plus l\p@ \@minus l\p@ 

133 \itemsep \parsep} 

134 \def \@listiii{'/„ 

135 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \@plus l\pQ \@minus l\p@ 

139 \parsep \z@ 

140 \partopsep l\p@ \@plus 0\p@ \@minus l\p@ 

141 \itemsep \topsep} 

142 \def XOlistiv-C'/. 

143 \setlength-[\lei tmarginHMef tmarginiv}- 1 /, 

144 \setlength-[\labelwidth]-{\lef tmarginiv]- '/, 

145 \addtolength{\labelwidthH-\labelsep}} 

146 \def \®listv{/. 

147 \setlength-C\leftmarginH\lef tmarginv}-/, 

148 \setlength-[\labelwidthH\lef tmarginv}- '/, 

149 \addtolength-[\labelwidth}-{-\labelsep}-}- 

150 \def \@listvi{7. 

151 \setlength-[\lef tmargin}-{\lef tmarginvi]-°/ t 

152 \setlength-C\labelwidthH\lef tmarginvi]-°/ t 

153 \addtolength-C\labelwidthH-\labelsep}-} 

154 \let\@listi\@listl 

155 \01isti 

1.5. Float separation parameters 
Separation on text pages. 
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156 \setlength\floatsep{12\p@ \@plus 2\p@ \®minus 2\p@} 

157 \setlength\textf loatsep{20\p@ \@plus 2\p@ \@minus 4\p@} 

158 \setlength\intextsep-[12\p@ \@plus 2\p@ \@mimis 2\p@} 

159 \setlength\dblfloatsep-[12\p<3 \@plus 2\p@ \Qminus 2\p@} 

160 \setlength\dbltextf loatsep{20\p@ \Splus 2\p@ \@minus 4\p@} 

Separation on float pages 

161 \setlength\<3fptop{0\p@ \®plus lfil} 

162 \setlength\@fpsep{8\p@ \@plus 2f il} 

163 \setlength\@fpbot{0\p@ \@plus lfil} 

164 \setlength\@dblfptop-[0\p@ \Splus If il> 

165 \setlength\@dblfpsep{8\p@ \®plus 2f il} 

166 \setlength\@dblfpbot{0\p@ \®plus lfil} 
167 

168 \endinput 
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1. Implementation 

1 \ProvidesFile{klutll.clo}[\f iledate ] 

1.1. Section size commands 

added command: \little. This between \scriptsize and \tiny. Allowed type 
provided values: 6/7, 7/8, 8/9, 9/10.5, 10/11.5, 11/12.5, 12/14, 14/18, 17/22, 
20/25, 25/30. 



2 \renewcommand\normalsize{°/o 

3 \@setf ontsize\normalsize\@xipt{12 . 5}% 

4 \abovedisplayskip 10\p@ \@plus 2\p@ \@minus5\p@ 

5 \abovedisplayshortskip \z@ \@plus 3\p@ 

6 \belowdisplayshortskip 6\p@ \@plus 3\p@ \@minus3\p@ 

7 \belowdisplayskip \abovedisplayskip 

8 \let\<§listi\@listi} 
9 \normalsize 

10 \newcommand\small{7„ 

11 \@setf ontsize\small\@xpt{ll . 5}°/„ 

12 \abovedisplayskip 9\p@ \@plus3\p@ \0minus4\p@ 

13 \abovedisplayshortskip \z@ \@plus2\pQ 

14 \belowdisplayshortskip 5\p@ \0plus2\p@ \(§minus2\p@ 

15 \def \@listi{\lef tmargin\lef tmargini 

16 \topsep 4\p@ \0plus2\p0 \@minus2\p@ 

17 \parsep 2\p@ \@plus\p@ \@minus\p@ 

18 \itemsep \parsep}°/ 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newcommand\f ootnotesize{°/ 

22 \@setf ontsize\f ootnotesize\@ixpt{10 . 5}7, 

23 \abovedisplayskip 6\p@ \0plus2\p@ \0minus4\p@ 

24 \abovedisplayshortskip \z@ \@plus\p@ 

25 \belowdisplayshortskip 3\p@ \@plus\p@ \@minus2\p(§ 

26 \def\@listi{\leftmargin\lef tmargini 

27 \topsep 3\p@ \@plus\p@ \<§minus\p@ 

28 \parsep 2\p@ \@plus\p@ \@minus\p@ 

29 \itemsep \parsep}% 

30 \belowdisplayskip \abovedisplayskip 



31 } 

32 \newcommand\scriptsize{\@setf ontsize\scriptsize\@viiipt{9 . 5}} 

33 \newcommand\little{\@setf ontsize\little\@viipt\@viiipt} 

34 \newcommand\tiny{\@setf ontsize\tiny\@vipt\@viipt} 

35 \newcommand\large{\@setf ontsize\large\@xiipt{14}} 

36 \newcommand\Large{\@setf ontsize\Large\@xivpt{18}} 

37 \newcommand\LARGE{\@setf ontsize\LARGE\@xviipt{22}} 

38 \newcommand\huge{\@setf ontsize\huge\(§xxpt{25» 
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39 \newcommand\Huge{\@setf ontsize\Huge\@xxvpt{30}} 

1.2. Various values 

Note that \hoffset and \voffset are both compensated. This makes the 
calculations below easier. 

40 \setlength\hof f set{-lin} 
41 \setlength\vof f set{-lin} 
42 \setlength\parindent {14\p@} 

43 \setlength\headheight{12\p@} 

44 \setlength\headsep {12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {27.5\p@} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\p@} 

49 \setlength\maxdepth { . 5\topskip} 

50 \setlength\@maxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\columnseprule{Opt} 
53 \setlength\f boxsep{3pt} 

54 \setlength\f boxrule{ . 4pt} 

1.3. Textheight and textwidth 

These are the main reason for the existence of these files. For some stupid reason, 
r^T^X calculates textwidth out of \paperwidth. We did want to support letter 
paper, but our \textwidth is fixed, with the margins being calculated. 

Presume \text width and \marginparwidth are set in the stylefile, or we're in 
trouble. The 2pc value is used to compensate for the 'dead' corners in most 
laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble 
and later on in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDocument{°/„ 

57 \setlength\@tempdima{\paperwidth}°/ 

58 \addtolength\@tempdima{-\textwidth}7o 

59 \divide\@tempdima by 2 

60 \setlength\@tempdimb\marginparwidth 

61 \addtolength\@tempdimb\marginparsep 

62 \addtolength\@tempdimb{2pc}y, 

63 \ifdim \@tempdima <\@tempdimb 

64 \@settopoint\@tempdimb 

65 \GenericError{Pointsize}{Pointsize Error: Marginpars disabledMMYou made 
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66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\@tempdima) . Needed value: 

69 (\the\@tempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 }'/. 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \fi 

77 \ifdim \@tempdima <2pc 

78 \@tempdimb=\paperwidth 

79 \advance\@tempdimb by -4pc 

80 \@settopoint\@tempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenMMYou 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total\MessageBreak 

84 (Which is: \the\@tempdimb) . Please press X and try again. 

85 }'/. 

86 \f i 

87 \oddsidemargin \@tempdima 

88 \evensidemargin \@tempdima 



These calculations are a lot easier, \textheight should have been set already. 
This does not check for the correct placement of the identification line!! 

89 \setlength\@tempdima{\paperheight> 

90 \addtolength\@tempdima{-\f ootskip} 

91 \addtolength\@tempdima{-\headheight} 

92 \addtolength\@tempdima{-\headsep> 

93 \setlength\@tempdimb{\@tempdima} 

94 \addtolength\@tempdima{-\textheight} 

95 \divide\@tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\@tempdimb by -4pc 

98 \@settopoint\@tempdimb 



99 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenMMYou 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 n 



104 \fi 

105 \setlength\topmargin{\@tempdima} 

106 \setlength\id@boxheight{\@tempdima} 

107 \advance\id@boxheight by -2pc 

108 } 
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109 \setlength\f ootnotesep{6 . 65\p@} 

110 \setlength{\skip\f ootins}{9\p@ \@plus 4\pQ \@minus 2\p@} 

1.4. Lists 

List default values 

111 \setlength\partopsep{2\p@ \@plus l\p@ \@minus l\p@} 

112 \setlength-C\lef tmargini}{2em}- 

113 \setlength-C\lef tmarginii}{2 . 2em> 

114 \setlength{\lef tmarginiii}{l . 87em} 

115 \setlength-[\lef tmarginiv}{l . 7em} 

116 \setlength-C\leitmarginvMlem)- 

117 \setlength-[\lef tmarginviMlem} 

118 \setlength{\labelsepM .4em} 

119 \setlength{\labelwidthH\lef tmargini} 

120 \addtolength{\labelwidth}{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. 
This results in very small labels for the inner lists. 

121 \def\@listl{ /, 

122 \leftmargin \lef tmargini 

123 \topsep 9\p@ \@plus 3\p@ \@minus 5\p@ 

124 \partopsep 3\p@ \@plus l\p@ \@minus 2\p@ 

125 \itemsep 4.5\p@ \@plus 2\p@ \@minus l\p@ 

126 \parsep 4.5\p@ \@plus 2\p@ \@minus l\p® > 

127 \def \@listii{7, 

128 \leftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \®plus 2\p@ \@minus l\p® 

132 \parsep 2\p@ \@plus l\p@ \@minus l\p@ 

133 \itemsep \parsep} 

134 \def \®listiii{7, 

135 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p® \@plus l\p@ \@minus l\p@ 

139 \parsep \z@ 

140 \partopsep l\p@ \@plus 0\p@ \@minus l\p@ 

141 \itemsep \topsep} 

142 \def \®listiv{7„ 

143 \setlength{\lef tmargin}{\lef tmarginiv} / 

144 \setlength{\labelwidth}{\lef tmarginiv} / 

145 \addtolength{\labelwidth}{-\labelsep}> 

146 \def \aiistv{'/. 
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147 \setlength{\lef tmargin}{\lef tmarginv}"/ 

148 \set length. {\labelwidth}{\lef tmarginv} 1 / 

149 \addtolength{\labelwidth}{-\labelsep}> 

150 \def \@listvi{7, 

151 \set length. {\lef tmargin}{\lef tmarginvi} / 

152 \setlength{\labelwidthM\lef tmarginvi}"/. 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\@listi\@listl 
155 \01isti 

1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f loatsep{12\p@ \@plus 2\p@ \(Sminus 2\p@} 

157 \setlength\textf loatsep{20\p@ \@plus 2\p@ \@minus 4\p@} 

158 \setlength\intextsep{12\p@ \@plus 2\p@ \Qminus 2\p<§} 

159 \setlength\dblf loatsep{12\p(§ \@plus 2\p@ \@minus 2\p@> 

160 \setlength\dbltextf loatsep{20\p@ \@plus 2\p@ \@minus 4\p@} 

Separation on float pages 

161 \setlength\@fptop{0\p@ \@plus If il> 

162 \setlength\@fpsep{8\p@ \@plus 2f il> 

163 \setlength\@fpbot{0\p@ \@plus If il} 

164 \setlength\@dblf ptop{0\p<3 \@plus If il} 

165 \setlength\@dblfpsep{8\p@ \@plus 2f il} 

166 \setlength\@dblfpbot{0\p@ \@plus If il} 
167 

168 \endinput 
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1. Implementation 

1 \ProvidesFile{klutl2.clo}[\filedate ] 

1.1. Section size commands 

added command: \little. This between \scriptsize and \tiny. Allowed type 
provided values: 6/7, 8/9, 9/10.5, 10/11.5, 11/12.5 12/13.5, 14/18, 17/22, 20/25, 
25/30. 



2 \renewcommand\normalsize{% 

3 \@setf ontsize\normalsize\@xiipt{13 . 5}% 

4 \abovedisplayskip ll\p@ \@plus 2\p@ \@minus5\p@ 

5 \abovedisplayshortskip l\p@ \@plus 3\p@ 

6 \belowdi splay short skip 7\p@ \@plus 3\p@ \@minus3\p@ 

7 \belowdisplayskip \abovedisplayskip 

8 \let\@listi\@listl} 
9 \normalsize 

10 \newcommand\small{°/o 

11 \@setf ontsize\small\@xipt{12 . 5}% 

12 \abovedisplayskip 8.5\p@ \@plus3\p@ \@minus4\p@ 

13 \abovedisplayshortskip \z@ \@plus2\p@ 

14 \belowdisplayshortskip 4\p@ \@plus2\p@ \@minus2\p@ 

15 \def \@listi{\lef tmargin\leftmargini 

16 \topsep 4\p@ \@plus2\p@ \@minus2\p@ 

17 \parsep 2\p@ \@plus\p@ \@minus\p@ 

18 \itemsep \parsep}°/ 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newcommand\f ootnotesize{°/ 

22 \@setf ontsize\f ootnotesize\@xpt{ll . 5}% 

23 \abovedisplayskip 6\p@ \@plus2\p@ \@minus4\p@ 

24 \abovedisplayshortskip \z@ \@plus\p@ 

25 \belowdisplayshortskip 3\p@ \@plus\p@ \@minus2\p@ 

26 \def \@listi{\lef tmargin\leftmargini 

27 \topsep 3\p@ \@plus\p@ \@minus\p@ 

28 \parsep 2\p@ \@plus\p@ \@minus\p@ 

29 \itemsep \parsep}°/„ 

30 \belowdisplayskip \abovedisplayskip 
31} 

32 \newcommand\scriptsize{\@setf ontsize\scriptsize\@ixpt{10 . 5}} 

33 \newcommand\little{\@setf ontsize\little\@viiipt{9}} 

34 \newcommand\tiny{\@setf ontsize\tiny\@vipt\@viipt} 
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35 \newcommand\large{\@setf ontsize\large\@xivpt{18}} 

36 \newcommand\Large{\@setf ontsize\Large\@xviipt{22}} 

37 \newcommand\LARGE{\@setf ontsize\LARGE\@xxpt{25» 

38 \newcommand\huge{\@setf ontsize\huge\@xxvpt{30}} 

39 \newcommand\Huge{\@setf ontsize\Huge\@xxvpt{30» 

1.2. Various values 

Note that \hoff set and \voff set are both compensated. This makes the calcula- 
tions below easier. 

40 \setlength\hoff set{-lin} 

41 \setlength\vof f set{-lin} 

42 \setlength\parindent {14\p@} 
43 \setlength\headheight{12\p@> 

44 \setlength\headsep {12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {27.5\p@} 
47 \setlength\marginparsep{10pt} 
48 \setlength\marginparpush{5\p@} 

49 \setlength\maxdepth {.5\topskip} 

50 \setlength\@maxdepth\maxdepth 

51 \setlength\columnsep{12pt} 

52 \setlength\columnseprule{Opt} 
53 \setlength\f boxsep{3pt} 

54 \setlength\f boxrule{ . 4pt} 

1.3. Textheight and textwidth 

These are the main reason for the existence of these files. For some stupid reason, 
ETjtX. calculates textwidth out of \paperwidth. We did want to support letter paper, 
but our \textwidth is fixed, with the margins being calculated. 

Presume \textwidth and \marginparwidth are set in the stylefile, or we're in 
trouble. The 2pc value is used to compensate for the 'dead' corners in most 
laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble 
and later on in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDocument{7 

57 \setlength\@tempdima{\paperwidth}°/ 

58 \addtolength\@tempdima{-\textwidth}7 
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59 \divide\@tempdima by 2 

60 \setlength\@tempdimb\marginparwidth 

61 \addtolength\@tempdimb\marginparsep 

62 \addtolength\@tempdimb{2pc}'/„ 

63 \ifdim \@tempdima <\@tempdimb 

64 \@settopoint\@tempdimb 

65 \GenericError{Pointsize}{Pointsize Error: Marginpars disabled}{}{You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\@tempdima) . Needed value: 

69 (\the\@tempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 }% 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \fi 

77 \ifdim \@tempdima <2pc 

78 \@tempdimb=\paperwidth 

79 \advance\@tempdimb by -4pc 

80 \@settopoint\@tempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenMMYou 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total\MessageBreak 

84 (Which is: \the\@tempdimb) . Please press X and try again. 

85 yy. 

86 \f i 

87 \oddsidemargin \@tempdima 

88 \evensidemargin \@tempdima 



These calculations are a lot easier, \textheight should have been set already. This 
does not check for the correct placement of the identification line!! 

89 \setlength\@tempdima{\paperheight} 

90 \addtolength\@tempdima{-\f ootskip} 

91 \addtolength\@tempdima{-\headheight} 

92 \addtolength\@tempdima{-\headsep} 

93 \setlength\@tempdimb{\@tempdima} 

94 \addtolength\@tempdima{-\textheight} 

95 \divide\@tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\@tempdimb by -4pc 

98 \@settopoint\@tempdimb 
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99 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenMMYou 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 }'/. 

104 \fi 

105 \setlength\topmargin{\@tempdima} 

106 \setlength\id@boxheight{\@tempdima} 

107 \advance\id@boxheight by -2pc 

108 } 

109 \setlength\f ootnotesep{6 . 65\p@} 

110 \setlength{\skip\f ootins}{l2\p@ \@plus 4\p@ \@minus 2\p@} 

1.4. Lists 

List default values 

111 \setlength\partopsep{2\p@ \@plus l\p@ \@minus l\p@} 

112 \setlength{\lef tmargini}{2em} 

113 \setlength{\lef tmarginii}{2 . 2em} 

114 \setlength{\lef tmarginiii}{l . 87em} 

115 \setlength{\lef tmarginiv}{l . 7em> 

116 \setlength{\lef tmarginv}{lem} 
117 \setlength{\lef tmarginvi}{lem} 

118 \setlength{\labelsep>{.4em} 

119 \setlength{\labelwidth}{\lef tmargini} 

120 \addtolength{\labelwidth>{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This 
results in very small labels for the inner lists. 

121 \def \@listl{% 

122 \leftmargin \leftmargini 

123 \topsep ll\p@ \@plus 3\p@ \@minus 5\p@ 

124 \partopsep 4.5\p@ \@plus l\p@ \@minus 2\p@ 

125 \itemsep 6\p@ \@plus 2\p@ \@minus l\p@ 

126 \parsep 6\p@ \@plus 2\p@ \@minus l\p@ > 

127 \def \@listii{ /. 

128 \leftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 6\p@ \@plus 2\p@ \@minus l\p@ 

132 \parsep 3\p@ \@plus l\p@ \@minus l\p@ 
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133 \itemsep \parsep} 

134 \def \@listiii{% 

135 \lef tmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \@plus l\p@ \@minus l\p@ 

139 \parsep \z@ 

140 \partopsep l\p@ \@plus 0\p@ \@minus l\p@ 

141 \itemsep \topsep} 

142 \def \©listiv{°/. 

143 \setlength{\lef tmargin}{\leftmarginiv}°/ 

144 \setlength{\labelwidth}{\leftmarginiv}°/ 

145 \addtolength{\labelwidth}{-\labelsep» 

146 \def \@listv{% 

147 \setlength{\lef tmargin}{\leftmarginv}°/ 

148 \setlength{\labelwidth}{\leftmarginv}°/ 

149 \addtolength{\labelwidth}{-\labelsep» 

150 \def \@listvi{% 

151 \setlength{\lef tmargin}{\leftmarginvi}°/ 

152 \setlength{\labelwidth}{\leftmarginvi}°/ 

153 \addtolength{\labelwidth}{-\labelsep» 
154 \let\@listi\@listl 

155 \01isti 

1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f loatsep{12\p@ \@plus 2\p@ \@minus 2\p@} 

157 \setlength\textf loatsep{24\p@ \@plus 2\p@ \@minus 4\p@} 

158 \setlength\intextsep{12\p@ \@plus 2\p@ \@minus 2\p@} 

159 \setlength\dblf loatsep{12\p@ \@plus 2\p@ \@minus 2\p©} 

160 \setlength\dbltextf loatsep{24\p@ \@plus 2\p@ \@minus 4\p@} 

Separation on float pages 

161 \setlength\@fptop{0\p@ \@plus If il> 

162 \setlength\@fpsep{10\p@ \@plus 2f il> 

163 \setlength\@fpbot{0\p@ \@plus If il> 

164 \setlength\@dblfptop{0\p@ \@plus If il} 

165 \setlength\@dblfpsep{10\p@ \@plus 2f il} 

166 \setlength\@dblfpbot{0\p@ \@plus If il} 
167 

168 \endinput 
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1. Implementation 

1 \ProvidesFile{klul05.clo}[\f iledate ] 

1.1. Section size commands 

added command: \little. This between \scriptsize and \tiny. Allowed type 
provided values: 6/7, 7/8, 9/11, 10/11.5, 10.5/12, 11/13, 12/14, 14/18, 17/22, 
20/25, 25/30. 



2 \renewcommand\normalsize{°/o 

3 \@setf ontsize\normalsize{10 . 5pt}{12}% 

4 \abovedisplayskip 10\p@ \@plus 2\p@ \@minus5\p@ 

5 \abovedisplayshortskip \z@ \@plus 3\p@ 

6 \belowdisplayshortskip 6\p@ \@plus 3\p@ \@minus3\p@ 

7 \belowdisplayskip \abovedisplayskip 

8 \let\@listi\@listl} 
9 \normalsize 

10 \newcommand\small{7„ 

11 \@setf ontsize\small\(§xpt{ll . 5}°/„ 

12 \abovedisplayskip 9\p@ \0plus3\p@ \@minus4\p@ 

13 \abovedisplayshortskip \z@ \@plus2\pQ 

14 \belowdisplayshortskip 5\p@ \0plus2\p@ \(§minus2\p@ 

15 \def \@listi{\lef tmargin\lef tmargini 

16 \topsep 4\p@ \@plus2\p@ \0minus2\p@ 

17 \parsep 2\p@ \@plus\p@ \@minus\p@ 

18 \itemsep \parsep}°/ 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newcommand\f ootnotesize{°/ 

22 \@setf ontsize\f ootnotesize\@ixpt\@xipt 

23 \abovedisplayskip 6\p@ \0plus2\p@ \0minus4\p@ 

24 \abovedisplayshortskip \z@ \@plus\p@ 

25 \belowdisplayshortskip 3\p@ \@plus\p@ \@minus2\p(§ 

26 \def \@listi{\lef tmargin\lef tmargini 

27 \topsep 3\p@ \@plus\p@ \<§minus\p@ 

28 \parsep 2\pQ \@plus\p@ \@minus\p@ 

29 \itemsep \parsep}% 

30 \belowdisplayskip \abovedisplayskip 



31 } 

32 \newcommand\scriptsize{\@setf ontsize\scriptsize\@viiipt{9 . 5}} 

33 \newcommand\little{\@setf ontsize\little\@viipt\@viiipt} 

34 \newcommand\tiny{\@setf ontsize\tiny\@vipt\@viipt} 

35 \newcommand\large{\@setf ontsize\large\@xiipt{14}} 

36 \newcommand\Large{\@setf ontsize\Large\@xivpt{18}} 

37 \newcommand\LARGE{\@setf ontsize\LARGE\@xviipt{22}> 

38 \newcommand\huge{\@setf ontsize\huge\(§xxpt{25» 
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39 \newcommand\Huge{\@setf ontsize\Huge\@xxvpt{30}} 

1.2. Various values 

Note that \hoffset and \voffset are both compensated. This makes the 
calculations below easier. 

40 \setlength\hof f set{-lin} 
41 \setlength\vof f set{-lin} 
42 \setlength\parindent {14\p@} 

43 \setlength\headheight{12\p@} 

44 \setlength\headsep {13\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {27.5\p@} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\p@} 

49 \setlength\maxdepth { . 5\topskip} 

50 \setlength\@maxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\columnseprule{Opt} 
53 \setlength\f boxsep{3pt} 

54 \setlength\f boxrule{ . 4pt} 

1.3. Textheight and textwidth 

These are the main reason for the existence of these files. For some stupid reason, 
r^T^X calculates textwidth out of \paperwidth. We did want to support letter 
paper, but our \textwidth is fixed, with the margins being calculated. 

Presume \text width and \marginparwidth are set in the stylefile, or we're in 
trouble. The 2pc value is used to compensate for the 'dead' corners in most 
laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble 
and later on in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDocument{°/„ 

57 \setlength\@tempdima{\paperwidth}°/ 

58 \addtolength\@tempdima{-\textwidth}7o 

59 \divide\@tempdima by 2 

60 \setlength\@tempdimb\marginparwidth 

61 \addtolength\@tempdimb\marginparsep 

62 \addtolength\@tempdimb{2pc}y, 

63 \ifdim \@tempdima <\@tempdimb 

64 \@settopoint\@tempdimb 

65 \GenericError{Pointsize}{Pointsize Error: Marginpars disabledMMYou made 
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66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\@tempdima) . Needed value: 

69 (\the\@tempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 }'/. 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \fi 

77 \ifdim \@tempdima <2pc 

78 \@tempdimb=\paperwidth 

79 \advance\@tempdimb by -4pc 

80 \@settopoint\@tempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenMMYou 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total\MessageBreak 

84 (Which is: \the\@tempdimb) . Please press X and try again. 

85 }'/. 

86 \f i 

87 \oddsidemargin \@tempdima 

88 \evensidemargin \@tempdima 



These calculations are a lot easier, \textheight should have been set already. 
This does not check for the correct placement of the identification line!! 

89 \setlength\@tempdima{\paperheight> 

90 \addtolength\@tempdima{-\f ootskip} 

91 \addtolength\@tempdima{-\headheight} 

92 \addtolength\@tempdima{-\headsep> 

93 \setlength\@tempdimb{\@tempdima} 

94 \addtolength\@tempdima{-\textheight} 

95 \divide\@tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\@tempdimb by -4pc 

98 \@settopoint\@tempdimb 



99 \GenericError{Pointsize}{Pointsize Error: Invalid sizes givenMMYou 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 n 



104 \fi 

105 \setlength\topmargin{\@tempdima} 

106 \setlength\id@boxheight{\@tempdima} 

107 \advance\id@boxheight by -2pc 

108 } 



klul05.tex; 1/02/2008; 9:37; p. 4 



5 



109 \setlength\f ootnotesep{6 . 65\p@} 

110 \setlength{\skip\f ootins}{9\p@ \@plus 4\pQ \@minus 2\p@} 

1.4. Lists 

List default values 

111 \setlength\partopsep{2\p@ \@plus l\p@ \@minus l\p@} 

112 \setlength-C\lef tmargini}{2em}- 

113 \setlength-C\lef tmarginii}{2 . 2em> 

114 \setlength{\lef tmarginiii}{l . 87em} 

115 \setlength-[\lef tmarginiv}{l . 7em} 

116 \setlength-C\leitmarginvMlem)- 

117 \setlength-[\lef tmarginviMlem} 

118 \setlength{\labelsepM .4em} 

119 \setlength{\labelwidthH\lef tmargini} 

120 \addtolength{\labelwidth}{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. 
This results in very small labels for the inner lists. 

121 \def\@listl{ /, 

122 \leftmargin \lef tmargini 

123 \topsep 9\p@ \@plus 3\p@ \@minus 5\p@ 

124 \partopsep 3\p@ \@plus l\p@ \@minus 2\p@ 

125 \itemsep 4.5\p@ \@plus 2\p@ \@minus l\p@ 

126 \parsep 4.5\p@ \@plus 2\p@ \@minus l\p® > 

127 \def \@listii{7, 

128 \leftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \®plus 2\p@ \@minus l\p® 

132 \parsep 2\p@ \@plus l\p@ \@minus l\p@ 

133 \itemsep \parsep} 

134 \def \®listiii{7, 

135 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p® \@plus l\p@ \@minus l\p@ 

139 \parsep \z@ 

140 \partopsep l\p@ \@plus 0\p@ \@minus l\p@ 

141 \itemsep \topsep} 

142 \def \®listiv{7„ 

143 \setlength{\lef tmargin}{\lef tmarginiv} / 

144 \setlength{\labelwidth}{\lef tmarginiv} / 

145 \addtolength{\labelwidth}{-\labelsep}> 

146 \def \aiistv{'/. 
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147 \setlength{\lef tmargin}{\lef tmarginv}"/ 

148 \set length. {\labelwidth}{\lef tmarginv} 1 / 

149 \addtolength{\labelwidth}{-\labelsep}> 

150 \def \@listvi{7, 

151 \set length. {\lef tmargin}{\lef tmarginvi} / 

152 \setlength{\labelwidthM\lef tmarginvi}"/. 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\@listi\@listl 
155 \01isti 

1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f loatsep{12\p@ \@plus 2\p@ \(Sminus 2\p@} 

157 \setlength\textf loatsep{20\p@ \@plus 2\p@ \@minus 4\p@} 

158 \setlength\intextsep{12\p@ \@plus 2\p@ \Qminus 2\p<§} 

159 \setlength\dblf loatsep{12\p(§ \@plus 2\p@ \@minus 2\p@> 

160 \setlength\dbltextf loatsep{20\p@ \@plus 2\p@ \@minus 4\p@} 

Separation on float pages 

161 \setlength\@fptop{0\p@ \@plus If il> 

162 \setlength\@fpsep{8\p@ \@plus 2f il> 

163 \setlength\@fpbot{0\p@ \@plus If il} 

164 \setlength\@dblf ptop{0\p<3 \@plus If il} 

165 \setlength\@dblfpsep{8\p@ \@plus 2f il} 

166 \setlength\@dblfpbot{0\p@ \@plus If il} 
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We review experiments on single-electron transport through single quantum 
dots in the presence of a microwave signal. In the case of a small dot with 
well-resolved discrete energy states, the applied high-frequency signal allows 
for inelastic tunnel events that involve the exchange of photons with the 
microwave field. These photon assisted tunneling (PAT) processes give rise 
to sideband resonances in addition to the main resonance. Photon absorp- 
tion can also lead to tunneling via excited states instead of tunneling via 
the ground state of the quantum dot. The manipulation of quantum dots 
by a microwave field is an important ingredient for the possible application 
of quantum dots as solid state quantum bits, which forms a motivation for 
this review. 

1. Introduction 

Transport properties of quantum dots at zero frequency have been exten- 
sively studied and by now many aspects are well understood [1]. In some 
studies finite, but still low frequency signals were applied to a gate electrode 
nearby the quantum dot. Capacitance spectroscopy on quantum dots has 
been performed at kHz frequencies [2]. At MHz frequencies, quantum dots 
can be operated as turnstiles or pumps [3]. These frequencies, /, are low 
in the sense that the photon energy, hf, is much smaller than the thermal 
energy, ksT, and thus the discrete photon character cannot be discerned. 
For sufficiently high frequencies, such that hf S> ksT, the interaction of the 
electromagnetic field with the electrons confined in a quantum dot would 
be analogous to light spectroscopy studies on atoms. However, different 
quantum dots are not microscopically equal. The response of an ensemble of 
quantum dots to light excitation is therefore strongly averaged. Despite this 
averaging, excitation studies on arrays of quantum dots by far-infrared light 
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(i.e. the THz regime) have revealed the spectrum of collective modes [4], i.e. 
the sloshing modes of the whole electron puddle in the external potential. 
Excitations within the electron puddle are difficult to create since, accord- 
ing to the generalized Kohn theorem [4], the dipole field of far- infrared 
radiation does not couple to the relative coordinates of electrons confined 
in a parabolic quantum dot. This problem is circumvented by inelastic light 
scattering experiments which have been able to detect electronic excitations 
in arrays of quantum dots that can be related to a discrete single-particle 
spectrum [5]. Recently, this technique has also probed excitons in a single 
quantum dot [6]. 

In this review, we discuss electron transport experiments on single quan- 
tum dots, that are irradiated by a microwave signal. In contrast to light 
transmission, luminescence, or inelastic light scattering measurements (see 
for a review Ref . [7] ) , we measure the dc current in response to a microwave 
signal. Current can flow through a quantum dot when a discrete energy 
state is aligned to the Fermi energies of the leads. This resonant current is 
carried by elastic tunneling of electrons between the leads and the dot. An 
additional time-varying potential V cos (2tt ft) can induce inelastic tunnel 
events when electrons exchange photons of energy hf with the oscillating 
field. This inelastic tunneling with discrete energy exchange is known as 
photon assisted tunneling (PAT). Microwave studies have a long tradition 
in the field of superconductor-insulator-superconductor tunnel junctions [8] , 
for which the theory was first described by Tien and Gordon in 1963 [9]. 
Despite many proposals and a long search [10], it took thirty years before 
PAT was also observed in a non-superconducting system. In 1993 PAT 
features were seen in the current- voltage characteristics of a GaAs / AlGaAs 
superlattice under THz irradiation from a free-electron laser [11]. Starting 
in 1994, PAT was also found in experiments on single-electron transport 
through semiconductor quantum dots [12-16]. The quantum dots in Ref. [13] 
were rather large and effectively had a continuous density of states. Here, we 
focus on PAT processes through quantum dots with well-resolved, discrete 
energy states. For these small dots, the resonant tunneling peak in the 
current develops photon sideband resonances when we apply microwaves 
[16]. The energy separation between main peak and sidebands can be used 
as a spectroscopic measurement of the energy levels in the dot. 

The relevant ac regime for quantum dots is at much lower frequency than 
visible light. We list the important frequency scales in Table I. The single- 
particle level spacing Ae is 0.05 - 0.5 meV for typical dots and the charging 
energy, e 2 /C, is usually 0.2 - 2 meV. To observe effects from a finite Ae and 
e 2 /C, these energies should exceed the thermal broadening ~ 4/c#T. Other 
characteristic frequencies of the dot are related to the transport times. T is 
the typical rate to tunnel on or off the dot, which can be arbitrarily small for 
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opaque tunnel barriers. This frequency is set by the transmission coefficient 
of the barriers and should be kept smaller than Ae otherwise the level 
broadening exceeds the spacing between the single-particle states. The final 
time scale is the tunneling time; i.e. the actual time spent during tunneling 
through the barrier. This time is quite short (~2 ps) for typical barriers 
(calculated within the Biittiker-Landauer framework [17]). To access these 
time scales, ac signals can be applied, and the effects on the dc transport 
can be measured. 



TABLE I. A list of the important energy /frequency scales for transport 
through quantum dots. For / = 10 GHz the photon energy, hf, is 40 fieV. 



Quantity 


Equivalent frequency 


Typical frequencies 


Thermal broadening 


~ 4k B T/h 


10 GHz (at 100 mK) 


Tunneling rate 
on/off the dot 


F 


- 100 GHz 


Level spacing (or 
inverse traversal time) 


Ae/h 


10 - 100 GHz 


Charging energy 


e 2 /hC 


40 - 400 GHz 


Tunneling time 


1 /^tunnel 


200 GHz - 1 THz 



If / <C r each electron sees an essentially static potential and we are 
in the adiabatic regime [2, 18]. If / S> T, each electron experiences many 
cycles of the ac signal while it is on the dot; i.e. the non-adiabatic regime. 
If hf <C 4/c#T, single photon processes are masked by thermal fluctuations, 
and a classical description is appropriate [3]. Thus, the discreteness of the 
photon energy can be observed in the non-adiabatic, high-frequency regime: 
hf ^> hT^AksT. This is the quantum, or time-dependent regime for which 
it is essential to solve the time-dependent Schrodinger equation for the 
tunneling electron. 

This review is divided into two parts. First, in section 2, we discuss 
the theory of PAT through a single junction (2.1) and calculations of PAT 
through a single quantum dot using a master equation approach (2.2). 
Numerical PAT calculations are presented in sections 2.3 and 2.4. Second, 
in section 3, we discuss experimental results of PAT measurements on single 
lateral quantum dots. The sample geometry is discussed in section 3.1, the 
sensitivity of pumping to the applied microwave frequency in 3.2. PAT in 
the low {hf < Ae) and high frequency (hf > Ae) regime are discussed in 
3.3 and 3.4, respectively. In sections 3.5 through 3.7 results are given of the 
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dependence of PAT on microwave frequency, magnetic field and microwave 
power, respectively. We conclude and discuss the results in section 3.8. 

2. Theory 

2.1. PAT THROUGH A SINGLE JUNCTION 

First, we briefly outline photon assisted transport through a single tunnel 
junction separatingjvro metallic leads. _An oscillating potential difference 
across a junction, Ucos(27r/i), where V is the ac amplitude, may be in- 
cluded in the Hamiltonian of one of the leads as: H = Hq + H ac = 
Hq + eUcos(27r/t), where the unperturbed Hamiltonian, Hq, describes the 
leads without microwaves. The effect of the oscillating potential is that 
the time-dependent part of the electron wave function in this lead, when 
expanded into a power series, contains energy components at E, E ± hf, 
E±2hf, etc. These are called sidebands. The expansion can be done as 
follows [9]: 

ip(r,t) = tp(r)exp(-i J dt[E + eV cos(2tt ft)]/ hj 

oo 

= ip(r) exp (—iEt / h) J n (eV/hf) exp(— in27rft) 

n=~oo 

= tp{r)( £ J n (eV/hf)eM-i[E + nhf]t/K)) (1) 

\n=— oo / 

ip(r) is the eigenfunction satisfying Ho<p(r) = Eip(r) and forms the spatial 
part of the wave function ip(r, t). J n {pt) is the nth order Bessel function of 
the first kind (see Fig. la) evaluated at a = eV/hf. 

Let pi and p r be the unperturbed densities of states of the left and right 
leads. The tunnel current through a junction without a microwave field is 
then given by 

/oo 
dE[fi(E - eV SD ) ~ fr{E)]pi{E - eV SD )p r {E) (2) 
-oo 

where Vsd is the source-drain voltage, f(E) is the Fermi function, and c is 
a constant proportional to the tunnel conductance. 

From Eq. (1), we can write an effective density of states in one of the 
leads (we choose the right lead) given by: 

oo 

p r (E)= E Pr(E + nhf)4(eV/hf) (3) 
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Figure 1. (a) Squared Bessel functions of the first kind Jn(a), for n = 0, 1 and 2. The 
inset shows the development of sidebands of the original energy as a consequence of the 
microwave field. The population probability P(n) of the different sidebands is given by 
P(n) = JnieV /hf). A positive or negative n corresponds to the absorption or emission, 
respectively, of n photons during the tunnel process. Elastic tunneling corresponds to 
n = 0. (b) Schematic energy diagram of a single dot containing N electrons distributed 
over the available single-particle levels Sj in a particular configuration \- By absorbtion 
of a photon, an electron can tunnel into ei so that the electron number changes into 
N + 1 and the configuration into x' ■ 

If tunneling is a weak perturbation, the dc current in the presence of 
microwaves, /, is given by [9]: 

oo 

I(V SD )=c 4(eV/hf)x 

n=—oo 

/oo 
dE[f\(E - eV SD ) ~ fr(E + nhf)]pi(E - eV SD )p r (E + nhf) 
-oo 
oo 

= E 4(eV/hf)I(V SD + nhf/e) (4) 

n=— oo 

We stress that tunneling is assumed to be a weak perturbation, implying 
that the sidebands are only well-defined for / S> T. Since there is no electric 
field in the scattering-free leads, mixing of electron states [19], or photon 
absorption is absent in the leads. A positive or negative n corresponds to the 
absorption or emission, respectively, of n photons during the tunnel process. 
Elastic tunneling corresponds to n = 0. For a single junction the dc current 
in the presence of microwaves is thus described, simply in terms of the dc 
current without microwaves. From the normalization Y^=-oo ^n( a ) = 1, it 
follows that the integrated current does not change due to the oscillating 
potential: / I{YsD)dVsD = J I(YsD)dVsD- We emphasize that although 
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the oscillating field is entirely classical, the interaction with an electron, 
described by the Schrodinger equation, is only via exchange of discrete 
energy quanta. Equation (4) is only valid for single junctions where the 
tunneling takes place via a single hop. An extension of Eq. (4) to describe 
a double junction system is discussed next. 

2.2. MASTER EQUATION FOR PAT THROUGH A QUANTUM DOT 

Electron transport through double barrier structures is resonant when the 
Fermi energy of the leads aligns with a discrete energy state between the two 
barriers. Transport through semiconductor quantum wells are usually well 
described by non-interacting electron models. Also, their transport prop- 
erties in the presence of an oscillating signal can, in a first-order approx- 
imation, be described by the time-dependent, non-interacting Schrodinger 
equation. The result of such calculations is that, next to the main resonance, 
extra peaks appear at distances corresponding to the photon energy, hf 
[20, 21]. 

In quantum dots electrons are confined in all directions. The total 
number of electrons, and the total charge, is thus a discrete value. This 
makes it essential to include the Coulomb interactions when describing 
transport. The standard model is known as the single-electron tunneling, 
or the Coulomb blockade model [22]. This model takes into account that at 
low voltages and low temperatures only one electron can tunnel at a time. 
The necessary energy to add an extra electron to a quantum dot consists 
of the charging energy E c = e 2 /C for a single electron, and a discrete 
energy difference, Ae, arising from the quantum-mechanical confinement. 
In practice, a quantum dot has discrete energy states if Ae exceeds the 
thermal energy /c#T [1]. Assuming sequential tunneling of single electrons, 
the current can be calculated with a master equation [23, 24]. 

PAT through small systems in which Coulomb blockade is important 
was considered first by Likharev and Devyatov [25], Hadicke and Krech 
[26], and Bruder and Schoeller [27]. A direct inclusion of the Tien and 
Gordon equations [9] in a master equation that takes into account Coulomb 
blockade [22] can be made by writing the tunnel rate through each barrier in 
the presence of microwaves T(E) in terms of the rates without microwaves 
T(E) [12]: 

+oo 

f(E) = JZ(<*)T(E + nhf) (5) 

n=— oo 

Equation 5 has a direct link to studies of the effects of fluctuations in the 
electromagnetic environment on single-electron tunneling [28]. If the spec- 
tral density of the environment is characterized by the probability function 



vanderwiel.tex; 1/02/2008; 9:37; p. 7 



8 



W.G. VAN DER WIEL ET AL. 



P(hf), then the rate including the environment T env (E), can be written in 
terms of the rate without the environment T(E) as [29]: 

/oo 
d(hf)P(hf)T(E + hf) (6) 
-oo 

Whereas Eq. (5) describes a monochromatic environment, the fluctuations 
in general are broad band in frequency, as described in Eq. (6). Examples 
of environments that have been studied experimentally, are the impedance 
in the leads [28], blackbody radiation [30], and phonons [31]. We note, 
however, that Eqs. (5,6) are valid only for systems with a continuous density 
of states (i.e. Ae <C ksT) and immediate relaxation to the ground state 
after each tunnel event. 

In the case of quantum dots with large level separation (i.e. Ae S> ksT), 
one needs to keep track of the occupation probabilities of each discrete 
state. This increases the amount of bookkeeping, but has the advantage 
that intra-dot relaxation and excitation processes can be included. In our 
model [32] for PAT through small dots, we assume E c 2> Ae, ksT, eVsD, 
nhf, such that we only need to consider two charge states (i.e. the electron 
number is either N or N + 1) [33]. We neglect level broadening due to a 
finite lifetime of the electrons on the dot. 

A charge state (Fig. lb) is described by the electron number N, together 
with the particular occupation of the electrons in the available single- 
particle levels {sj}- If N electrons are distributed over k levels, the number 
of distinct dot configurations, x, is given by (^). The probability, -P/v, x , for 
state (N, x) is calculated from a set of master equations given by: 

X 

~ P N,x E + (7) 

j=empty 

+ E P N,X" T X"-X ~ P N,X E T X^X"' 
X"±X X"'*X 

and the equivalent forms for P/v +1jX /. To find a stationary solution, these 
equations are all set to zero (P = 0) and solved with the boundary condi- 
tion: 

E P ^ X + E P iV + l lX ' = l (8) 
X x' 

For N = 2 distributed over five different single-particle levels {e^}, there 
are ten different configurations, \-, yielding ten equations for Pn,x an d also 
ten equations for Pjv+i ;X '. 
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The first and second term in Eq. (7) correspond to a change in the oc- 
cupation probability of a certain distribution due to tunneling (the number 
of electrons on the dot changes). In the first term an electron tunnels out 
of the dot. Only those rates are taken into account that correspond to an 
electron tunneling out of state j x > that leave the dot in the distribution 
(N, x). In the second term, an electron tunnels onto the dot. One needs to 
sum over all the states j that are empty when the dot is in configuration 
X, because all these events cause a transition from state (N, x) to a state 
(N + 1,%'). T\ n - and are the tunnel rates through the left barrier in 
and out of single-particle level j on the dot: 

rfrjfo) = r, /rj - ]T J^a l/r )f(e, - %V g - nhf + m/r eV SD ;T l/r ) (9) 

n 
n 

where ^i/ r ,j is the tunnel rate through the left or right barrier of energy 
level j. a.ij r is the parameter describing the microwave field at the left or 
right barrier, C g is the gate capacitance, C is the total dot capacitance, Ty r 
is the temperature of the left or right lead. r]i/ r is a parameter describing 
the asymmetry of the dc voltage drop across the two barriers. We assume 
that the tunnel rates, Ti/ r ,ji do depend on the level index j, but that they 
are independent of energy. 

In the last two terms of Eq. (7), the number of electrons on the dot is 
fixed, while only the distribution of the electrons over the states changes. 
This includes effects from relaxation (i.e. intra-dot transitions, x" —* X an d 
X x'" ■> where the total energy decreases) or excitation inside the dot 
(i.e. intra-dot transitions, x" ~^ X an d X ~^ x'" ■> where the total energy 
increases). Below, we take excitation rates equal to zero (i.e. no intra-dot 
absorption) but, allow for non-zero relaxation rates. 

An expression for the dc current can be found by calculating the net 
tunnel rate through one of the barriers. Using the probabilities Pn,x an d 
the tunnel rates through the left barrier, this leads to: 

/ = «E E W?S- e E E Pn + i, x ^J (10) 

X j=empty x ' j=ftdl 

In the numerical calculations in the next section we take equal ac 
amplitudes dropping across the left and right barriers; i.e. ai = a r = a. 
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2.3. NUMERICAL RESULTS 

Figure 2 shows calculations without relaxation between the states in the 
dot. The inset shows the case for transport through only a single level; 
Ae 3> hf. Next to the main resonance, side-peaks develop at multiples 
of hf/e when the microwave power is increased via the parameter a. The 
broadening of the resonances is due to a finite temperature. In the main 
figure transport can also occur via excited states; here Ae < hf. Not only 
side-peaks develop, but also peaks at other gate voltages. These peaks arise 
due to the interplay between the discrete single-particle states and the 
photon energy. Their locations are given by (mAe + nhf)/e where m = 0, 
±1, ±2, ... and n is the photon number. Similar simulation results have 
been reported by Bruder and Schoeller [27]. 




-2-10 1 2 

Gate Voltage (units hf/e) 



Figure 2. Calculation without relaxation. Curves are offset for clarity. The parameters 
for the data in the inset are Ae = Shf, hf — 5ksT, and from top to bottom a = 0, 1, 
1.5, 2. The parameters for the main figure are Ae = 0.75ft/, hf = 20fcsT and from top 
to bottom a = 0, 0.5, 0.75, 1, 1.5. 

Figure 3 shows an expansion for the curve with a = 1. We have assigned 
the excited states and the particular PAT processes. The highest occupied 
single-particle level of the N + 1 ground state is denoted by £j with j = 0; 
positive j's are excited states above £o an d negative j's are below £o ( see Fig. 
lb). The inset shows the effect of relaxation. Upon increasing the relaxation 
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rate, the peaks corresponding to tunneling through excited states decrease, 
while peaks increase when tunneling occurs through the ground state. 



Figure 3. Expansion for the curve a = 1 from Fig. 2. The inset shows the effect of 
an increasing relaxation rate. The relaxation rates divided by the tunnel rate are 0, 0.1, 
0.35, 1, 3.5, and infinite. 

To explain these numerical results, we show energy diagrams in Fig. 4, 
assuming that only the highest two single-particle levels contribute to the 
current for the transition between N and N + 1 electrons on the dot. For 
small dc bias voltage and no ac voltages a current resonance occurs when the 
topmost energy state (i.e. the electrochemical potential) of the quantum dot 
lines up with the Fermi levels of the leads (see the diagram eo)- When high- 
frequency voltages drop across the two barriers, additional current peaks 
appear. We distinguish two mechanisms. The first mechanism gives photon 
induced current peaks when the separation between the ground state eo 
and the Fermi levels of the leads matches the photon energy (or multiples, 
nhf), as depicted in the diagrams labeled by e^ + hf and eo — hf. The minus 
and plus signs correspond to being before or beyond the main resonance. 
Note that also the case of eo — hf involves photon absorption. Following the 
literature on the tunneling time, we call these current peaks: sidebands [17]. 
The second mechanism leads to photon peaks when an excited state is in 
resonance with the Fermi levels of the leads (see diagram ei). Without PAT, 
transport through the excited state, e±, is blocked since Coulomb blockade 
prevents having electrons in both the ground state and the excited state 




-2 



-1 1 

Gate Voltage (units of hf/e) 
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h -x - 




Figure 4- Diagrams depicting the tunneling events which dominantly contribute to the 
current through a quantum dot at different gate voltages. A small dc bias raises the left 
Fermi level with respect to the right Fermi level, so and ei denote the ground state and 
the first excited state of the (N+ 1) electron system. When the (N + l) th electron tunnels 
to one of the two reservoirs, the energy states of the dot drop by the charging energy E c . 
The corresponding diagrams for N electrons are not shown. 



simultaneously. The electron in the ground state cannot escape from the 
dot, because its energy is lower than the Fermi levels in the leads. PAT, 
however, can empty the ground state £q when the electron absorbs enough 
energy and leaves the dot. This process is analogous to photo-ionization. 
Now, the (iV+l) th electron can tunnel resonantly via the excited state £\ as 
long as the state £o stays empty. Note that for this second mechanism nhf 
has to exceed, but not necessarily match the energy splitting Ae = e\ — Eq. 
It is clear from these diagrams that relaxation from £\ to £o decreases 
the height of this resonant peak. More photon peaks are generated when 
these two mechanisms are combined as in the diagrams labeled by e\ + hf 
and £\ — hf. We thus see that PAT can populate the excited states by 
tunneling between dot and leads. So, even without intra-dot transitions, 
we can perform photon spectroscopy on discrete quantum dot states. 
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2.4. PHOTON-ASSISTED PUMPING 

It is important to note that in the diagrams of Fig. 4 only processes with 
tunneling from or to states in the leads close to the Fermi levels contribute 
to the net current. Tunnel processes that start with an electron in one of 
the leads from further below the Fermi level are cancelled by an electron 
from the other lead. However, this is only true when the ac voltage drop 



i4 



J i L 

-2-1012 

Gate Voltage (units of hf) 



Figure 5. Calculation of the current for zero-bias voltage (V — 0) as a function of gate 
voltage in the case where the ac voltage drop over one barrier is 5% smaller than over the 
other barrier (k B T = 0.05/t/, F — 510 8 s _1 ). The insets depict which tunneling events 
are responsible for the pumped current when the ground state of the quantum dot is 
below or above the Fermi levels of the leads. 

is the same for both barriers. When the ac voltage drops across the two 
barriers are unequal, the dot acts as an electron pump [3, 12, 27]. The 
resulting pumped current makes the resonances discussed above less clear. 
For this reason we discuss this pumping mechanism in more detail here 
before proceeding further. Figure 5 shows a calculation of the pumped 
current as a function of the gate voltage that occurs when the ac voltage 
drop over one barrier is 5% smaller than over the other barrier. We have 
taken zero dc bias voltage. To illustrate the origin of the pumped current, 
the insets show the extreme case, when all the ac voltage drop is across the 
left barrier. In this case photon absorption occurs only at the left barrier. 
At negative gate voltage, when the ground-state level of the dot is above 
the Fermi level of the leads, an electron can enter the dot from the left lead 
only (bottom left inset to Fig. 5). Once the electron is in the dot, it can 
tunnel out through both tunnel barriers. Only tunneling to the right lead 
contributes to the net current. Therefore, the net (particle) current is to 
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the right. When the ground-state level of the dot is below the Fermi level 
of the leads, however, an electron can only leave the dot to the left lead 
(upper right inset to Fig. 5). The dot can be filled from either lead once 
it is emptied. This time only the electron tunneling in from the right lead 
contributes to the net current. Therefore, there is a net current to the left. 
The difference between these two situations is the shift in the ground-state 
energy with respect to the Fermi levels of the leads. So, when the gate 
voltage is swept such that the ground state moves through these Fermi 
levels, the pumped current changes sign. The pumped current occurs over 
a width corresponding to the photon energy. The extra shoulders at the far 
left and far right are due to two-photon processes. 




Gate Voltage (units of hf/e) 



Figure 6. Simulation of the effects of both asymmetric heating and quantum rectification 
on the curve with a = 1 from Fig. 3. The solid line represents the unperturbed curve. 
The dashed-dotted line shows the same curve for Tr/Tl = 0.95. The dashed line shows 
the influence of or/ul = 0.95 on the unperturbed curve. 

Asymmetric heating may induce a difference in the temperatures Tr and 
Tl of the two leads. This can also result in a finite transport current. The 
effects of asymmetric heating and asymmetric coupling of the microwave 
signal when a finite Vsd is applied across the sample, is illustrated in Fig. 
6. The solid line is a reproduction of Fig. 3. The dashed-dotted line shows 
the same trace for Tr/Tl = 0.95. The dashed line shows the influence of 
oir/cil = 0.95. It can be concluded that both effects can severely distort 
the data. At small Vsd the resonant peaks scale linearly with Vsd, while 
the pumped current does not change. Increasing the bias, while remaining 
in the linear regime, therefore improves the visibility of the resonant peaks. 
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Figure 7. SEM photo of the sample. The lithographic size of the dot is (600 x 300) nm 2 . 
Current can flow when we apply a voltage between source and drain. The microwave 
signal is capacitively coupled to one of the center gates. 

Our measurements are performed on a quantum dot defined by metal- 
lic gates (see Fig. 7) in a GaAs/AlGaAs heterostructure containing a 2- 
dimensional electron gas (2DEG) 100 nm below the surface. The 2DEG 
has mobility 2.3 10 6 cm 2 /Vs and electron density 1.9 10 15 m~ 2 at 4.2 K. 
By applying negative voltages to the two outer pairs of gates, we form two 
quantum point contacts (QPCs). An additional pair of center gates between 
the QPCs confines the electron gas to a small dot. No electron transport 
is possible through the narrow channels between the center gates and the 
gates forming the QPCs. The center gate voltage, V g , can shift the states in 
the dot with respect to the Fermi levels of the leads and thereby controls the 
number of electrons in the dot. The energy shift is given by A.E = nAV g , 
with k defined as the ratio between the dot-gate capacitance and the total 
capacitance of the dot [1]. A small dc voltage bias is applied between source 
and drain and the resulting dc source-drain current is measured. From 
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standard dc measurements we find that the effective electron temperature is 
approximately T = 200 mK and the charging energy E c = 1.2±0.1 meV. We 
independently determine the level splitting, As, for different magnetic fields 
from current-voltage characteristics. In addition to the dc gate voltages, we 
couple a microwave signal (10-75 GHz) capacitively into one of the center 
gates. The microwave does not equally couple to the dot as to the leads, 
which results in an ac voltage drop over both barriers. 

3.2. FREQUENCY SENSITIVITY OF PUMPING 

We first present experimental results with a strongly pumped current taken 
at B = 1.96 T for three frequencies around 47.4 GHz (the arrow denotes 
hf). The dashed line in Fig. 8 is the current without microwaves. For the 
lowest frequency the current is pumped in one direction, whereas for the 



microwave power off 




-570 -550 

Gate Voltage (mV) 



Figure 8. Measurements of the pumped current at B — 1.96 T, Vsd = 13 /iV and 
frequencies are around 47.4 GHz. Dashed line is without microwaves. The dotted line 
shows the smallest asymmetry, but shows evidence for a pumping mechanism which is 
not included in our model. 

highest frequency it is pumped in the opposite direction. At 47.33 GHz 
the left barrier apparently has the smaller ac voltage drop, while at 47.43 
GHz the left barrier has the larger ac voltage drop. This illustrates that the 
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asymmetry of the voltage drops over the two barriers sensitively depends 
on frequency. This sensitivity is ascribed to standing waves in the sample 
holder. The dotted line shows the current measured at an intermediate 
frequency, where we expect the ac voltage drop to be equal over both 
barriers. In contrast to the two solid curves, the dotted line is lower than 
the dashed line without microwaves over the whole gate voltage range. This 
cannot be explained by the pumping mechanism in our model. Our model 
only includes the oscillation of the potential of the leads relative to the 
dot, which always results in a pumped current which changes sign at the 
resonance. A negative pumped current over the whole gate voltage range, is 
attributed to the effect of the microwaves on the barrier height. The inset 
shows how a quantum dot can act as a pump when one tunnel barrier is 
periodically modulated in height. During one part of the cycle, when the 
left barrier is low, electrons enter the dot (T l £ w > Tr ) while they escape 
the dot through the right barrier in the second half of the cycle when the 
left barrier is high (Y^ gh < Tr). This is essentially a classical mechanism 
that has been verified experimentally in the MHz regime [3]. For observing 
clearly separated PAT sidebands, we first minimize pumping. For this we 
measure traces of current at zero bias voltage across a single Coulomb peak 
for slightly different frequencies. We finally choose those frequency values 
for which the pumped current is very small. 



3.3. PAT: LOW FREQUENCY REGIME 



First, we study the photon sidebands of the ground state at B = 0.84 
T [34]. The main part of Fig. 9 shows measured curves of the current as 
a function of the gate voltage at different microwave powers for the case 
hf < Ae. Here, current flows primarily via the ground state and its photon 
sidebands (i.e. upper diagrams in Fig. 4). On increasing the microwave 
power, we see that the height of the main resonance decreases to zero while 
additional resonances develop with increasing amplitude. When we convert 
gate voltage to energy, we find that the additional resonances are located at 
£o i hf and Eq ± 2hf [35]. The power dependence is in agreement with the 
behavior of the Bessel functions: Jq (a) for the main resonance Eq, J\{ct) for 
the one-photon sidebands £o±hf, and J| (a) for the two-photon sidebands 
Eq ± 2hf. For comparison, we show a calculation in the inset to Fig. 9 for 
the same values for the temperature, frequency and bias voltage as in the 
experiment. We have assumed equal ac voltages across the two barriers. 
The difference between measured and calculated data is attributed to an 
asymmetry in the ac coupling. 
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Figure 9. Measurement of the current through the quantum dot as a function of the 
center gate voltage and the output voltage of the microwave supply. These data are taken 
in the single-level regime (hf < Ae). hf = 110 ^eV for / = 27 GHz, Ae = 165 ^eV at 
B = 0.84 T, and Vsd = 13 fiV. Inset: calculation of the current as a function of the gate 
voltage and the ac voltage parameter a — eV/hf, taking the same values for T, /, and 
V as in the experiment. 



3.4. PAT: HIGH FREQUENCY REGIME 



We now discuss the higher frequency regime where hf > Ae, such that PAT 
can induce current through excited states. Figure 10 shows the current at B 
= 0.91 T (here Ae = 130 fxeV). In the top section / = 61.5 GHz (hf = 250 
//eV) and in the bottom section / = 42 GHz (hf = 170 fieV). As we increase 
the power, we see extra peaks coming up. We label the peaks as in Fig. 4. 
On the right side of the main resonance a new peak appears, which we 
assign to photo-ionization, followed by tunneling through the first excited 
state. At higher powers the one-photon sidebands of the main resonance as 
well as those of the excited state resonance appear. We do not observe the 
peak for eo + hf, in this measurement. This can be explained, at least in 
part, by the fact that here an electron can also tunnel into e±, which blocks 
the photon current through eo + hf. Simulations confirm that the peak for 
£ o + hf can be several times weaker than the peak for eo — hf [32]. Also, it 
is masked by the high peak for e\ right next to it. The arrows underneath 
the curves mark the photon energy. The peaks eo and E\ remain in place 
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Figure 10. Measured current as a function of center gate voltage for different microwave 
powers. The dashed curve is without microwaves. B = 0.91 T, Vsd = 13 yN . f = 61.5 GHz 
in the top section, / = 42 GHz in the bottom section. As the frequency is reduced between 
top and bottom sections, the ground-state resonance eo and the resonance attributed to 
the excited state ei remain at the same gate voltage position. The other peaks, eo — hf 
and ei±hf, shift inward by an amount which corresponds to the change in photon energy 
as indicated by the arrows. We do not observe eo + hf in this measurement. 



when we change the frequency, since the photon energy evidently does not 
alter the energy splitting. The other peaks, Eq — hf and e% ± hf, shift by 
an amount that corresponds to the change in photon energy as indicated 
by the arrows. This reflects that the sidebands originate from matching the 
states Eo and E\ to the Fermi levels of the leads by a photon energy hf. 
Figure 11 shows a large data set. In each panel, different traces are taken 
at different microwave power. The panels differ in frequency. We further 
substantiate the peak assignment below by studying detailed frequency, 
magnetic field and power dependence. 
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Figure 11. Idc ~ V g curves for increasing frequency; B — 0.91 T, Vsd = 13 )jM and 
powers range between -30 and dBm. The dashed curve is without microwave power. 
The dotted curve is with maximum power. Five different peaks can be distinguished in 
the data. These peaks, labelled A through E for the 61.45 GHz traces, correspond to the 
so — hf, Ei — hf, £o, £i and si + hf peaks, respectively. 
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3.5. FREQUENCY DEPENDENCE 

Figure 12 shows the spacing between a resonance and its photon sidebands 
as a function of the photon energy. Different markers correspond to different 
photon sidebands. The factor k = 35 /leV/mV, to convert the peak spacings 
in mV gate voltage into energy, is determined from dc measurements. The 
full width at half maximum (FWHM) of the resonance without microwaves, 
indicated by the arrow, is proportional to the effective electron temperature 
in the leads. Structure due to photon energies below this value is washed out 
by the thermal energy fc^T. The frequency scaling firmly establishes PAT 
as the transport mechanism [9,11-14]. The observation that the sidebands 
move linearly with frequency, while the ground and excited state resonances 
stay fixed, supports our identification of the different peaks. 




100 hf(neV) 200 



Figure 12. Peak spacings versus photon energy. □: spacing between eo and eo — hf. 0: 
spacing between eo and eo + hf. A: spacing between ei and ei — hf. O; spacing between 
ei and Ei + hf. The dashed line is based on the gate voltage to energy conversion factor 
k determined independently from dc measurements, and has the theoretically expected 
slope equal to 1. The arrow indicates the FWHM of the main resonance. 



3.6. MAGNETIC FIELD DEPENDENCE 

We now use a magnetic field to change the energy separation between the 
ground state and the first excited state [1, 36], while keeping the distance 
to the sidebands fixed. Figure 13a shows the positions in gate voltage of 
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Figure 13. (a) Peak positions in gate voltage versus magnetic field at 52.5 GHz. Solid 
symbols denote peaks which are independent of frequency. Open symbols denote peaks 
that scale with frequency, (b) Peak spacings relative to the main resonance converted 
to energy. Closed circles: £o; open circles: eo ± hf; closed diamonds: si; open diamonds: 
£i — hf and e\ — 2hf. 



all observed peaks for 52.5 GHz as a function of magnetic field. The filled 
circles reflect the evolution of eo with magnetic field. This ground state 
weakly oscillates with a periodicity of ~80 mT which roughly corresponds 
to the addition of an extra flux quantum to the dot. The filled diamonds 
reflect the evolution of e±. The open circles (diamonds) show the sidebands 
£o i hf (e\ ± hf). Figure 13b shows the magnetic field evolution of the 
excited state and the photon sideband peaks relative to the ground state 
(i.e. we have subtracted Eq{B) from the other curves). We see that the 
energy splitting decreases on increasing the magnetic field and for 0.54 T 
< B < 0.58 T a degeneracy of the ground state is temporarily lifted and 



vanderwiel.tex; 1/02/2008; 9:37; p. 22 



PHOTON ASSISTED TUNNELING IN QUANTUM DOTS 23 



actually two excited states are observed [37]. The dashed lines denote the 
photon energy hf = 217 /jeV for 52.5 GHz. The open circles close to these 
lines are the photon processes £o±hf, demonstrating that they indeed move 
together with the ground state. The open diamonds are the e\ — hf and 
£\ — 2hf processes. Their motion follows the motion of E\. We have thus 
shown that we can vary the states Eq and E\ with the magnetic field and, 
independently, vary the separation to the sidebands with the microwave 
frequency. 

3.7. POWER DEPENDENCE 

Figure 14a shows a calculation of the peak heights as a function of the ac 

voltage drop across the barriers a = |y . Temperature, source-drain voltage, 
and frequency are taken from the experiment described below: T = 200 mK, 
Vsd = 13 [aV, and / = 52.5 GHz. The tunnel rates from the leads to the 
ground state and the excited state are set to r eo = 5 10 8 s _1 and r ei 
= 14 10 8 s -1 , respectively. The relaxation rate from the excited state to 
the ground state is assumed to be zero in the calculation. The effect of a 
finite relaxation rate is to reduce the height of E\ with respect to the other 
peaks. The calculated peak heights roughly follow the Bessel functions in 
Eq. (9). The ground-state resonance Eq follows Jq(cx), since it involves only 
elastic tunnel events (see Fig. 4, diagram eq). The photon sidebands follow 
J\{ol)i since they solely depend on the probability of photon absorption. For 
example, the process Eq — hf is due to a photon assisted tunnel event which 
fills the dot. Once the dot is filled, however, it does not matter whether the 
dot is emptied via an elastic or an inelastic event. The process E\ follows 
the product of the Bessel functions J§(a)j\ (a) since it requires that the 
ground state is emptied via a PAT process, but also that the following 
tunneling processes through the excited state E\ are elastic. 

Figure 14b shows the experimental results for the peak heights at B = 
0.91 T and / = 52.5 GHz as a function of the ac voltage amplitude at the 
output of the source. The measurements are in good qualitative agreement 
below an ac source voltage of 100 mV. At higher ac voltages the pumped 
current starts to become important. The values for the tunnel rates to eo 
and to e\ derived from the dc current-voltage characteristic are r eo = 5 10 8 
s _1 and r £l = 6 10 8 s _1 . The value for T £l in the calculation is larger than 
the experimentally determined value, but still the calculated value for the 
height of the E\ resonance is smaller than the experimental value. It is a 
general trend in most of our data that the peak E\ is higher than predicted 
by our model and that eq + hf is lower than expected from simulations. A 
possible explanation has been put forward in Ref. [38]. 
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Figure 14. (a) Calculation of the peak heights as a function of the ac voltage drop 
across the barriers a = (T = 200 mK, V = 13 /xV, / = 52.5 GHz). The tunnel rates 
from the leads to the ground state and the excited state are set to r eo = 5 10 s s _1 and 
r ei = 14 10 8 s _1 , respectively. The relaxation rate from the excited state to the ground 
state is assumed to be zero in the calculation, (b) Experimentally obtained peak heights 
as a function of the ac voltage amplitude (measured at the microwave source) for V = 
13 fiV and / = 52.5 GHz. 



3.8. DISCUSSION AND CONCLUSIONS 

The simulations described earlier, show that the pumped current is quite 
independent of the bias voltage when eVsD *C hf, while current due 
to the photon resonances increases linearly with the bias voltage when 
eVsD < ksT. Therefore, it is possible to improve the quality of our data by 
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separating the pumped current from the photon resonances. This could 
be done by repeating a measurement at a particular microwave power 
for different bias voltages. In addition, the effective electron temperature 
of 200 mK reported here has now been improved to 50 mK. These two 
improvements would allow for a better comparison of future experiments 
with calculations over a wider range of microwave powers. 

The conclusion of this work is that photon assisted tunneling is clearly 
observed in single-electron transport through small quantum dots. In ad- 
dition, microwave irradiation can be used to perform spectroscopy on the 
discrete level spectrum. The parameter dependence of PAT is in reasonable 
agreement with calculations based on a master equation. Both, linear- 
frequency dependence and Bessel function power dependence are clearly 
observed. Recently, a non-equilibrium Green's function method applied to 
our PAT studies, has provided very good agreement with our results, includ- 
ing an explanation for the absence of the sideband at Eq + hf [39] . Brune et 
al. [38] have analyzed the influence of intra-dot transitions. Including intra- 
dot transitions, they find good agreement with the height of the measured 
E\ peak in Figs. 10 and 11. 

Qualitatively similar results have been obtained on superlattice struc- 
tures irradiated by a free-electron laser. The dot and superlattice exper- 
iments have stimulated new theoretical interest in ac transport through 
non-superconducting structures. For instance, new results have been ob- 
tained for PAT across a single tunnel barrier for different sorts of oscillating 
potentials [40] ; for PAT through superlattices in a self-consistent treatment 
[41], for the ac effects on transport through a QPC and double barrier 
structures in a numerical study [42], for the ac effects on correlated trans- 
port through Luttinger liquids [43], and for the Kondo effect in irradiated 
quantum dots [44]. 

These models and theories are very useful in explaining and predicting 
new transport mechanisms. We feel, however, that a word of caution is 
appropriate here. Although our PAT experiments give clean results, we 
have very little control over the oscillating potentials inside the sample. 
We simply couple in a microwave signal to one of the gates and measure 
the effect in the dc current. The dc response is very sensitive to the ap- 
plied frequency. Sometimes the microwaves couple in more across the left 
barrier and sometimes more across the right barrier. The sensitivity of the 
asymmetry in coupling might be due to a complicated electric field pattern 
around the metallic gate structure. We think that to some degree our gate 
structure acts as a co-planar waveguide where the two QPC barrier gates 
serve as ground planes for the central microwave gate. Even under such 
conditions, it is not clear how this oscillating gate potential is carried over 
to the electron gas 100 nm below the surface. Pedersen and Buttiker [45] 
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have recently analyzed this problem for the case of quantum dots. They 
stress that oscillating potentials not only wiggle energy levels but also 
generate alternating currents in the sample. The alternating currents affect 
the self-consistent potential of the tunnel barriers and the potential on the 
dot. In effect, all the voltages and capacitances become renormalized and 
depend on the occupation of the dot. Sideband positions and heights are 
not expected to precisely follow a linear frequency dependence nor a Bessel 
function behavior. An experimental, quantitative study of the parameter 
dependence of the sidebands might give valuable information about these 
screening effects. Even more interesting would be to study the frequency 
dependence of the current, including measurements of higher harmonics 
at multiples of /. An analysis for such a set-up in terms of a frequency 
dependent environment is given in Ref. [46]. 

PAT is intrinsically a coherent phenomenon. The PAT measurements 
described above, however, are insensitive to the phase of the transmitted 
electrons. Coherence in the presence of a time-dependent field is therefore 
not directly demonstrated. Jauho and Wingreen [47] have proposed a PAT 
measurement through a quantum dot situated in one of two branches of an 
Aharonov-Bohm ring. They find that coherent absorption and reemission 
of photons can be detected via a phase measurement at the sidebands. 
The proposed mesoscopic double-slit geometry has been successfully used 
before to demonstrate coherent transmission through a quantum dot for 
the time-independent case [48, 49]. 

By connecting two quantum dots in series, a double quantum dot system 
can be obtained. An overview of charging effects in double quantum dots is 
given in Ref. [1]. Theoretical studies on PAT in a double quantum dot are 
done by Stoof and Nazarov [50], Stafford and Wingreen [51] and Brune et 
al. [52]. PAT studies of a double quantum dot enable the characterization of 
the coupling between two discrete energy levels. Depending on the strength 
of the inter-dot coupling, the two dots can form 'ionic' or 'covalent' bonds. 
By varying the inter-dot coupling, Oosterkamp et al. [53] experimentally 
demonstrated the transition from ionic bonding to covalent bonding in a 
quantum dot 'artificial molecule' that is probed by microwave excitations. 
In the same frequency regime experiments have been performed by Blick 
et al. [54] and by Fujisawa and Tarucha [15]. 

The study of photon assisted tunneling in quantum dots described here, 
forms a valuable extension of the understanding of the dc properties. Mi- 
crowave measurements have been proved to be a useful spectroscopy tool 
for quantum dot systems. Microwaves are also expected to play a role of 
importance in future experiments on quantum dots and the possible ap- 
plication of quantum dots as solid state quantum bits. An example would 
be a time-resolved measurement of Rabi oscillations in a double quantum 
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dot. In this case, the microwave signal is used to tune the Rabi oscillation 
frequency [50, 51]. 
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